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Preface 


The aim of this book is to provide a sound basis 
for undertaking practical biology in the laboratory. 
The material covers that required by G.C.E. ‘O’ level 
syllabuses, but at the same time is not bound com- 
pletely by them. 

While there are many text-books available for the 
theoretical aspect of the subject, the authors feel that 
there is a need for a good practical foundation to the 
study of biological principles. In large classes and with 
the shortage of laboratory facilities, teachers often 
find it difficult to encourage good practical work. 
Pupils cannot receive as much individual attention as 
is necessary fora satisfactory explanation of specimens 
and experiments under their observation. This book 
is an attempt to assist with this problem in practical 
classes. 

We have aimed at developing the powers of observa- 
tion, using the three fundamental techniques of 
biology; dissection, microscopy and simple experi- 
ments with living organisms. In the Introduction, the 
methods of drawing and recording using these three 
techniques are given, Sections II and III cover the 
systematic study of animal and plant types. To help 
the pupil to a full understanding of structure, we have 
been concerned to indicate size and the form of various 
organisms as seen in three dimensions. It is not in- 


$.C.E “|. Wesi peuga. 


Data 17 si Ue 


hoc, ie HOO: 


514 


/ 


d ov 


tended that drawings and diagrams should be copied 
into notebooks, but rather that they should serve as a 
guide to material under observation and so help pupils 
to make good records themselves. A note is given on 
most species indicating the methods which should be 
employed to prepare them for observation in class. 

Section IV covers a wide range of experiments in- 
volving observations of the main principles of biology, 
those described have been successfully used with the 
11-16-year-old age range. 

We wish to express our appreciation for the help 
and advice we have received from many friends, and 
in particular H. W. Ballance, M.A., L. H. Finlayson, 
Ph.D., B.Sc. and G. L. Parker. Our thanks are also 
due to Messrs. A. R. Leech, A. J. Markham and 
S. Minton for assistance in preparing specimens and 
labelling diagrams and drawings. We thank the follow- 
ing for their kindness in granting permission to base 
diagrams on their apparatus: Vickers Instruments 
Ltd. and W. Watson and Sons Ltd. for the micro- 
scopes in Section I; T. Gerrard and Co. Ltd. and 
Mr. D. Etherington for the osmometer in Section 
20.2.2. Finally, we are grateful to our publishers for 
their help in the preparation of this book. 
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I INTRODUCTION 


1,1 Practical biology 


Biology is a science which studies the structure of living 
things, and the manner in which they function. In order to do 
this, it is necessary to observe a wide variety of organisms, and 
to make a study of them in a systematic manner. These 
observations can often be carried out in natural surroundings 
out of doors, but it is more convenient to work through a 
great deal of such study indoors in a laboratory. 


Practical work requires the ability and patience to observe 
carefully, and to record the results of these observations by 
making brief notes, drawings or diagrams. 


No two organisms are exactly alike, so you should always 
make your own observations carefully, and make your own 
records. The notes and diagrams in this book are intended to 
help you with your practical work, but you should not attempt 
to copy these. Instead you should use them to help you to 
find out more about the various organisms which are described. 


There are three main kinds of practical work in biology. 


(a) Microscopic work, to observe the details of the structure 
of plants and animals, which can only be observed clearly 
when magnified by a microscope. 


(b) Dissection, a method of carefully separating a plant or 
animal into its main parts, to see how they fit together. 


(c) Experiments, in which living organisms are studied in 
order to observe how they behave either in their natural 
surroundings or in a laboratory under conditions which can 
be controlled by the observer. 


1.2 Method of studying organisms 


Living organisms have a variety of structures which enable 
them to carry out their life processes. It is best to study these 
in a systematic manner, and throughout the book you will 
find brief notes under the headings of the main living pro- 
cesses: Irritability, Movement, Nutrition, Respiration, 
Excretion and Reproduction. 


1.3 Classification 

There are many million different types of animals and 
plants, and they are arranged into various groups and sections 
in the form of a systematic catalogue. The main subdivisions 
are: 
Kingdom Animals, or Plants. 


Phylum A large group of Animals, the individuals in the 
group being very similar in their general structure. 
E.g. Arthropoda, animals with jointed limbs, and 
an external skeleton. 

Class A major subdivision of a Phylum. 

E.g. Insecta, jointed-limbed animals with 6 legs. 
Order A major subdivision of a Class. 

E.g. Diptera, 2-winged insects, such as flies. 
Family A major subdivision of an Order. 

E.g. Muscidae, house flies, a group of organisms 
very similar in structure and appearance. 

Genus A subdivision of a Family, and refers to a very 
definite type of organism. 

E.g. Musca, the house fly. 

Species The main unit in the classification scheme. 
Organisms of the same species will breed together 
naturally, and reproduce their own kind. 

E.g. Musca domestica, the common house-fly. 

An organism is named with a form of Latin, the 
genus name first (with a capital letter) followed by 
the species name (with a small letter). This system 
of double names is therefore rather like the method 
of surnames and Christian names used in naming 
human beings. 


This system of naming and classification is used througħout 
this book. In some cases, the notes describing some of the 
plants and animals apply to the various species within a 
particular genus. Where this occurs, the letters spp. (the 
abbreviated plural of the word species), appear after the 
generic name. E.g. on page 15, Planaria spp. 


2 .THE MICROSCOPE 


This is one of the most important and most expensive 
instruments in the biology laboratory, and its careful and 
correct use makes it possible to observe the inner structure of 
organisms, magnified to approximately 1,000 times. Always 
keep it clean, and put it away carefully after use. 


The standard microscope 


ent eyepiece 
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Student microscope with built-in illumination 
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2.1 The standard microscope 


Identify the main parts of the instrument, and learn how to 
use it. 


2.2 Rules for its use 

(a) See that the stage is horizontal, and the low power 
objective lens in position. 

(6) Look through the eyepiece with one eye; try to keep the 
other one open at the same time. Adjust the mirror so that 
light reaches the eyepiece, either from a window or bench 
lamp. Adjust the iris diaphragm so that the light reaching 
your eye is not too bright. 

(c) Place the object to be examined on a microscope slide. 
The object must be transparent. (See 2.5.) 

(d) Put a drop of water on the object, and cover it carefully 
with a coverslip. (See 2.5.) 

(e) Looking at the side of the microscope, adjust the low 
power lens so that it is about 1 cm. away from the object. 
Then looking through the eyepiece again, focus the body 
of the microscope upwards with the coarse adjustment 
wheel, until the object comes into focus. 

(f) Control the light with the iris diaphragm with one hand, 
and with the other focus with the fine adjustment wheel, 
until the clearest view of the object is obtained. 

(g) Look to the side of the microscope again, and carefully 
swing the high power objective lens into position, taking 
care to see that it does not touch the coverslip. Then look 
through the eyepiece, and focus upwards gently with the 
fine adjustment wheel, again balancing the amount of 
light with the iris diaphragm. 

(i) After use, put the microscope away with objective lenses 
in the low power position. 

(i) Never touch the lenses with your fingers. 


2.3 Student microscope with built-in illumination 


Identify the main parts of the instrument, and learn how to 
use it. 


2.4 Rules for its use 

(a) Place the object to be examined on a microscope slide. 
The object must be transparent. (See 2.5.) 

(6) Put a drop of water on the object, and cover it carefully 
with a coverslip. 

(c) Place the slide on the stage, with the object as near the 
centre as possible, and switch on the light. 

(d) Look at the side of the microscope, and adjust the low 

power lens, so that it is about 0-5 cm. away from the 

object. Then looking through the eyepice, focus upwards 

with the coarse adjustment wheel until the object comes 

into focus. 

Adjust the aperture control to give the right amount of 

light. 

After studying the object at a low power of magnification, 

look at the sidé of the microscope again and cautiously 

swing the high power objective lens into position, taking 

care to see that it does not touch the coverslip. Then 

look through the eyepiece and focus carefully with the fine 

adjustment wheel until the object can be seen clearly. 

(f) After use, put the microscope away with the lenses in the 
low power position. 

(g) Never touch the lenses with your fingers. 
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2.5 Use of hand lenses 

Some larger objects are best examined with a hand lens. 
Place the object in a watch-glass on top of a suitable back- 
ground. Usually a piece of black paper is a good background 
for light coloured objects. Hold the lens steady in one hand, 
and bring the object into focus, use the other hand to record 
your observations. 


2.6 How to mount fresh objects on a slide for observation 

It is necessary to support small fresh animals or plants, or 
parts of them in water, so that they can be seen under the 
microscope or hand lens. Pick the object up on the tip of a 
small paint brush, or in a pair of forceps, and place it carefully 
in the centre of a microscope slide. Place one drop of water on 
it from a small dropper or pipette, so that it is completely 
covered. Next, pick up a coverslip carefully with the forceps, 
and place it in a slanting position over the water drop, just 
touching the slide at its lower end. Support the upper end 
using a seeker or the end of a wooden spill, and lower it 
slowly, taking care to avoid trapping any air bubbles. Remove 
any surplus water extending beyond the coverslip by sucking it 
up with a small piece of blotting paper. Remember that when 
the object is viewed under the microscope, it will appear upside 
down, and reversed from left to right. 


2.7 How to make a smear preparation 

Place a very small drop of blood, or earthworm sperms 
(see section 9.1, page 19), on the centre of a slide. Touch the 
drop with another slide held at a slanting angle, and move 
it away rapidly. This action will draw a thin film along behind 
it. Place a drop of 3% salt solution over the film, cover with a 
coverslip and examine it under low and high power lenses. 


2.8 Examining prepared microscope slides 


Some specimens are difficult to obtain, others are difficult 
to see when mounted in a fresh condition in water, For this 
reason microscopic slides are supplied in a more permanent 
form. The specimen, usually stained with dyes to make parts 
of it more easily visible, is fixed to the slide and covered with a 
coverslip which is cemented to it with a clear adhesive called 
Canada Balsam. Such slides should be examined under the 
microscope as described in sections 2.2 or 2.4. Before mount- 
ing a prepared slide on the microscope stage, make sure that it 
is quite clean, and if necessary remove any dust from it by 
wiping it gently with a duster. 


2.9 Measuring the size of objects under the microscope 

Itis very important to realize the size of an object when seen 
under the microscope. A good method is to work out the 
diameter of the circular view observed when looking through 
the microscope, and then judge the size of the object being 
observed as compared with the diameter of the field of view. 
To do this, place the edge of a transparent ruler across the 
circular gap on the stage and view it under low power and see 
how many millimeter marks can be seen along the diameter. 
To measure the diameter of the high power view make two 
marks | mm. apart with a fine pen, using Indian ink on a piece 
of tracing paper. Mount this dry under a coverslip, and place 
the slide on the stage. Focus carefully with the high power lens, 
and estimate the diameter of the field of view. 

In giving the size of objects seen under the microscope a 
unit of 1/1,000 mm, is used, represented by the Greek symbol 
u. This anit is used in indicating the size of some objects shown 
in this book. 


2.10 Examining sections of organisms 

It is not always possible to examine whole objects under 
the microscope, especially when they are large or not trans- 
parent. In such cases the specimen is frequently cut into , 
sections, which are transparent enough to be seen in the light 
which passes through them from the mirror to the eyepiece of 
a microscope. A transverse section (T.S.) is one cut across a 
Structure, and is often circular in outline. A longitudinal 


section (L.S.) is cut along the length of a structure and is usually 
rectangular in appearance. 


2.11 Recording observations made under the microscope 

To record what is seen under the microscope it is best to 
make a simple diagram or drawing. Do not attempt to draw 
every detail you see, especially when the object contains many 
similar cells. First, examine the object under the low power 
and draw a diagram. A diagram consists of an outline of the 
shape of the object, and a record of its main parts. (See, for 
example, section 17.2.1 for diagrams of transverse sections of 
stems and roots.) Wherever possible diagrams and drawings 
should be made on plain paper. 

Always put a heading above your work. Use a good pencil 
and keep its point sharp. Make large, clear diagrams with 
firm, clean lines. Do not shade, Use coloured crayons or 
pencils only when necessary to distinguish particular features 
on your diagram. A good guide to the size of your diagram 
is to make | mm. length as seen under the low power of the 
microscope, about 10 cm. long on your page. 

When labelling your diagram observe the following rules: 
(a) Guide lines should be drawn in pencil with a ruler. 

(b) Do not use arrow heads. 

(c) Where there are a few guide lines keep them parallel as far 
as possible. When there are many you can draw them at an 
angle, but not crossing each other. 

(d) Do not put labelling on the diagram itself, keep your 
labelling at least 2 cm. away from it. 

(e) Label in pencil, using printed letters. 

When examining objects under the high power, select a 
small part of the slide, and try to make an accurate drawing of 
that part. A drawing differs from a diagram in that it is an 
attempt to show an item as accurately as possible, whereas a 
diagram tries to give an outline of the whole object. You can 
indicate on your low power diagram, e.g. by a letter, the part 
you attempt to draw accurately under the high power. For 
example, when drawing cells under the high power only draw 
a few from any one part of the slide. A typical cell should 
occupy a square whose sides are 2 cm. long, when recorded on 
your drawing page. Label your drawing, using the same rules 
as used for the diagram. 


3 DISSECTION 


3.1 Instruments required 


Scissors 4 in. with fine points. 
Scalpel 1 in. blade. 
Forceps Fine points, with guide pin to close the 


points together accurately. 
Mounted needles 1 pair. 
Seeker 
Mounted razor blade 
Pipette (dropper) 

Always treat dissecting instruments with care, and only use 
them for the purpose intended. When putting them away, it 
it is a good idea to give them a thin covering of vaseline, after 
they have been thoroughly cleaned. 


3.2 General rules for animal dissections 

(a) Small animals less than 15 cm. long. The animal, which 
should be preserved or freshly killed, is fixed to the wax of a 
dissecting dish by means of pins. Always identify the dorsal 
and ventral surfaces before fixing the animals to the wax. In 
general, Invertebrate animals should be dissected with the 
ventral surface pinned to the wax. Vertebrate animals should 
normally be dissected with the dorsal surface pinned to the 
wax. 
Start your dissection by lifting a small piece of skin with the 
forceps, and snip an opening with the points of the scissors. 


Continue your dissection by cutting along a line, always 
pulling the points of the scissors upwards towards you, to lift 
the skin up. Never dig your scissors down into an animal as 
this is likely to damage internal organs. Pin the skin back 
carefully as the dissection proceeds. Details are given under 
the heading ‘Method of Examination’ for each animal 
described in this book, as the precise method varies for 
different animals. 

(b) Large animals. In the case of larger Vertebrate animals, 
dissections should be made by fixing the dorsal surface of the 
animal to a dissecting board. Place an awl or nail firmly 
through each limb, and dissect using the same general rules as 
for smaller animals. 


3.3 General rules for plant dissections 

In general, the parts of plants should be carefully removed 
with forceps. For example, when studying the parts of a 
flower, remove the various structures in order, and lay them 
out carefully on a tile, or piece of cardboard. A pair of 
mounted needles can be used for teasing or tearing apart 
smaller structures, which can then be placed on a small tile, 
or microscope slide. 


3.4 How to record dissections 

As with the recording of microscope observations, the 
problem is to show as clearly as possible the structures which 
can be observed when the dissection is completed. In general a 
dissection should be recorded by a drawing which should 
normally occupy a whole page. With a ruler make very light 
construction lines indicating the main central axis of the 
animal and the position of any important features such as 
appendages. Measure their position, so as to get the propor- 
tions accurate on your drawing. Do not attempt to draw 
everything you can see, rather indicate the outline of the 
animal, and then with firm, clear lines indicate the position and 
shape of the main organs. The’same rules for labelling should 
be followed, as those given for microscopic diagrams. (See 
2.11.) 


4 EXPERIMENTS ON ANIMAL 
AND PLANT BEHAVIOUR 


Many useful and interesting experiments can be performed 
by observing the behaviour of organisms when they are alive 
and in a healthy condition. 


4.1 Experiments 

Living organisms react in a variety of ways to changes 
which take place in their surroundings. The way in which they 
behave can be studied by carrying out biological experiments 
in the laboratory. It is usual to keep one organism in normal 
conditions, and this is called the control experiment, whilst 
another similar organism is placed in an experiment in which 
one condition, for example temperature, is very different 
from that of the control experiment. 


4.2 Observations 


The results of experiments should be recorded as soon as 
they have been made. As a general rule, the apparatus used 
for both the experiment and its control should be drawn. 
The experiment should be described briefly, together with any 
conclusions reached. No two organisms behave in exactly the 
same way, so observe carefully how the particular organism 
you are studying behaves under normal and experimental 
conditions. 
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m 
The Animal Kingdom consists of two main groups. 
(a) The Protozoa, microscopic animals, often single celled. 
(b) The Metazoa 

(i) Invertebrate animals without backbones. 

(ii) Vertebrate animals with backbones. 


Metazoans are composed of many cells, organised in layers. 


The ectoderm, the outermost layer forms the skin tissues. 


The endoderm, or innermost layer forms the digestive system. 


DiPLoBLasTIC animals have these two layers only. 

The mesoderm is a third layer found in more complicated 
Metazoans. It lies between the other two, forming such 
structures as muscles and blood systems. 

TRIPLOBLASTIC animals have all three layers. In some Phyla 
the mesoderm itself exists in two layers surrounding a body 
cavity called the coelom. Triploblastic animals without a 
coelom are said to be acoelomate. 


Chart showing the main Invertebrate Phyla 


PROTOZOA. Microscopic. 


PLATYHELMINTHES. Triploblastic. Acoelomate. 
Bilateral symmetry. 


MOLLUSCA. Triploblastic. Coelom and Haemocoele. 


Fleshy unsegmented body with shell(s). 


COELENTERATA. Diploblastic. Acoelomate. 


Radial symmetry. 


NEMATODA. Triploblastic. Acoelomate. 


Bilateral symmetry. 


ARTHROPODA. Triploblastic. Coelom filled with blood 


(Haemocoele). Segmented. Paired jointed appendages. 
haemocoele 


ECHINODERMATA. Triploblastic. Coelomate. Spiny skin. 
Radial symmetry. 


1. Ectoderm. 2. Mesoderm. 3. Endoderm. 4. Enteron. (The internal cavity of the digestive system.) 5, Coelom. 


a a 


5 Protozoa 


Microscopic forms of animal life. 


a 


5.1 Amoeba 


size 0-5 mm. 


Habitat Ponds, pools and damp soil. 


Movement A series of drawings of an Amoeba taken at 
1 min. intervals to show pseudopodial movement. 


Nutrition The animal feeds on microscopic organisms. An 
Amoeba devours a small organism. 


Reproduction When well fed, an Amoeba reproduces by 
dividing directly into two, the whole process being complete 
in an hour. Some species are also capable of reproducing by 
means of spores made in the endoplasm. 


+ 


nucleus 
food vacuole 


contractile vacuole 
ectoplasm 
endoplasm 
pseudopodium 


Encystment In unfavourable conditions, such as when a 
pond dries up, Amoeba becomes spherical in shape, and makes 
acyst, in which it survives until conditions become favourable 
again. Within the cyst the animal may divide to produce 
several smaller Amoebae. 


Method of examination (using the microscope) Place a 
drop of culture on a clean slide, and leave for 2 min. This gives 
the Amoebae time to stick to the slide. Then carefully lower a 
coverslip over the culture. Search for Amoeba using the low 
power lens, and using the least amount of light. Amoeba will 


be found as a grey mass, with a granular appearance. Having 
found a specimen, continue your examination using the high 
power lens. Do not let your culture dry out; add a further 
drop of water from a pipette when necessary. 


5.2 Paramecium spp. 


posterior contractile vacuole 


DIAGRAM TO SHOW 


MAIN STRUCTURES size 0-5 mm. 


cytostome 


Habitat Ponds, pools and damp soil. 


Movement The animal spirals as it moves forward by 
means of the rhythmic beat of its cilia. This can be observed 
by watching the position of its gullet. 


2 


When a Paramecium meets an obstacle, it alternately 
reverses and goes forward at slightly different angles, until 
the obstruction is finally avoided. 


If Paramecium is placed in an irritant, such as very dilute acetic 
acid, it discharges its frichocysts. 


Nutrition Paramecium feeds on bacteria, which it engulfs 
in its gullet. 


cilia in motion 


trichocyst 

micronucleus 

food vacuole 

anterior contractile vacuole 
meganucleus 

ectoplasm 

endoplasm 

pellicle 


oral groove 
J ile 
undulating membrane 


direction of movement > 


position of gullet 


Contractile vacuoles These eliminate water rhythmically, 
and can be watched in an animal when trapped at rest. 


Stages drawn at 30 
second intervals, 


Reproduction 


(a) Asexual The animal splits transversely, the meganucleus 
and micronucleus divide in two, and separate into each 
new half. 


(b) Sexual (Conjugation) Two individuals join together 
lengthwise, their gullets being adjacent to each other. 
While the meganucleus in each individual slowly 
disintegrates, the micronucleus divides to produce four 


meganucleus 


SNA 


Of these four, three degenerate and the remaining one divides 
again, to leave two nuclei in each individual. As shown in the 
diagram, one of these nuclei from each individual crosses over 
to fuse with the stationary nucleus in the opposite individual. 


daughter nuclei. 


meganucleus 


e micronucleus 


o 


O 


3. The micronucleus 
divides again. 


2. The meganucleus degenerates. 
The micronucleus divides. 


5. The remaining one now 
divides again. 


1. Two individuals join by 
their oral grooves. 


6. One nucleus from each 
individual fuses with one 
from the opposite individual. 


4. Of the four micronuclei now 
present in each individual, 
three degenerate. 

¥ 


7. The individuals then separate, and each divides to produce 
four small Paramecia. As the original nucleus divides to 
produce eight nuclei, four of which enlarge, each resultant 
Paramecium therefore contains two nuclei, one meganucleus, 
and one micronucleus. 


nucleus 2 Biel 


producing 8 nuclei 


Observe the movements of the contractile vacuole when the 
animal is at rest, using the high power lens if possible. Be care- 
ful to use the smallest amount of light. Examine prepared 
slides of conjugation. 


Method of examination (using the microscope) Place a 
drop of culture on a slide, and examine under the low power 
lens. To slow the animals down, place a drop of thin agar 
jelly on the slide, and gently cover with a coverslip. 


6 Coelenterata 


Simple sack-like animals, the opening surrounded by tentacles. 


The body made from two layers of cells (diploblastic), separated 
by a gelatinous skeleton of mesoglea. 


6.1 Hydra spp. EXPANDED. length 12 mm. CONTRACTED 
tentacle 
mouth 
hypostome 
bud 
basal disc 
HYDRA IN THE REGION OF i 
THE MOUTH stem of water plant 
EXPOSED TO SHOW THE 
DIPLOBLASTIC STRUCTURE 
TRANSVERSE SECTION 
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endoderm muscle tails running 
round the body 
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running up and down the body 


Habitat Fresh water, usually attached to water plants. 


Movement The animal can glide on its foot, or loop. Very 
occasionally it is able to somersault. 


Irritability A network of nerves runs in the mesoglea. They 
are connected to sensory cells which occur frequently in the 


ectoderm, but are less common in the endoderm. 


Nutrition It catches its prey, 


i small water crustacea, by 
numbing them with its stinging 


looping 


celis, and then using its 
tentacles to force the food into its mouth. 


somersaulting 


Reproduction 
(a) Vegetative In favourable conditions, buds develop and 
then break away from the parent to begin a separate existence. 


HYDRA IN THE MALE 
CONDITION 


ovary 


HYDRA IN THE FEMALE 
CONDITION 


Method of examination Two species are commonly 
found. Hydra fusca is grey in appearance and somewhat larger 
than Chlorohydra viridissima, which is green. If the latter is 
used, the transparent ectoderm is easily distinguished from the 
endoderm containing the green alga, Zoochlorella, Examine 
the specimen on a cavity slide, using a hand lens or the low 
power of the microscope. If left undisturbed for a few minutes, 
the animal will fully expand. 

Under the high power of the microscope, focus on part ofa 
tentacle: introduce a drop of 0-1% acetic acid and observe the 
action of the stinging cells. 

Examine prepared slides of transverse sections showing 
testes and ovaries. 


TESTIS, MAGNIFIED UNDER 
HIGH POWER 


OVARY, MAGNIFIED UNDER 
HIGH POWER 


developing 


(b) Sexual When the water in which it lives becomes 
stagnant, Hydra reproduces sexually. The animal is herma- 
phrodite but the sex organs on one animal ripen at different 
times, so that cross-fertilization between two animals is usual. 


the ovum is fertilized by one 
sperm, so becoming a zygote 


The zygote develops into a ball 
of cells, still attached to the 
parent. 


It develops a shell and drops 
off the parent to the bottom 
of the pond, a new Hydra 
emerges when conditions are 
favourable. 


6.2 The Beadlet Anemone (Actinia equina) 


This is a common anemone found in rock pools on the sea 
shore. It is usually red in colour, and the body is a cylinder 
crowned by some 200 tentacles with a mouth at their centre. 
When touched the animal contracts to a compact mass about 3 
cm. in size, and the tentacles are withdrawn inside a ring of 
muscle. It can move very slowly on its muscular foot, by which 
it is normally attached to the rock. It feeds on small animals, 
which are paralysed when they collide with stinging cells on the 
anemone’s body and tentacles. The prey is passed via the 
mouth into the digestive cavity by the tentacles. Any un- 


digested remains are ejected through the mouth, 

The sexes are separate, and eggs and sperms are produced 
in reproductive organs inside the body. The fertilized eggs 
develop into small ciliated larvae which often remain inside 
the parent for some time before swimming away to form a new 
individual. 

Examine an anemone in a small dish of sea water, and notice 
its reaction when touched gently and roughly. Observe it 
feeding on small pieces of chopped worm. 


6.3 The Common Jelly Fish (Aurelia aurita) 


This Coelenterate lives floating in the sea, mainly in coastal 
waters. Its umbrella-shaped body is largely made from jelly 
and is colourless, reaching some 25 cm. in diameter. Eight 
Sense Organs evenly spaced round the margin of the umbrella 
help the animal to keep right way up in the sea. It feeds on 
small animals in the plankton which are paralysed by 
Stinging cells, then passed into the mouth by the action of 
cilia and movements of the mouth lobes. The sexes are 
Separate, and there are four crescent-shaped reproductive 
organs, purple in colour. 

If possible, examine a living jelly fish in a bucket of sea 
water and observe its method of movement. Alternatively 
examine the external structure of a preserved specimen. 


6.4 By the Wind Sailor (Vellela spirans) 


sail 


individuals 


This animal has the appearance of a floating raft some 10 
cm. long with a diagonally set sail 6 cm. high. It is blue in 
colour and floats on the surface of the sea. It originates in 
tropical waters and is often blown on to our south-west coasts 
by the prevailing winds. It is thought to be a colony of Hydra- 
like individuals which hang below the raft; a central one acts 
as the mouth, and of the rest—some are reproductive and 
others are provided with batteries of stinging cells. 

Examine-a preserved specimen and notice the texture of the 
raft and sail. 


Animals made from three layers of cells, ectoderm, mesoderm 
and endoderm (Triploblastic). The gut when present has only 


7 Platyhelminthes 


one opening and there is no body cavity or coelom. 


Flatworm (Planaria spp.) 


7.1 


an 


DORSAL VIEW 


length | cm. 


It is a black, bilaterally symmetrical, ribbon-like worm 
found under stones in fresh water. The head carries a pair of 
eyes and it moves by means of cilia covering the ectoderm. 
(See 18.1.) It is carnivorous, and has a short ventrally placed 


proboscis 


SECTION OF ANTERIOR HALF TO SHOW STRUCTURE 


proboscis leading into a simple sack-like gut. The animal is 
hermaphrodite, and also has high powers of regeneration. 
(See 23,2.) Examine the animal with the lens or under the low 
power of the microscope in a drop of water in a watch-glass. 


7.2 Beef Tapeworm (Taenia saginata) 


HEAD OF ADULT SHOWING 
THREE OF THE FOUR 
SUCKERS 

2 mm. diameter 


BLADDER WORM 
diameter 2mm. 


Habitat The adult is parasitic in the gut of man, said to be 
the ‘host’. Young tapeworm larvae inhabit the muscles of a 


cow, 

Structure of the adult A flat ribbon-like worm several feet 
long. The head has 4 suckers fixing it to the wall of the host’s 
gut, behind it a neck region continuously forms a series of 
proglottides, reaching 400 in number, The oldest ones farthest 


from the neck contain ripe eggs. 

Irritability and movement There are no obvious sense 
organs, the nervous system is poorly developed. It can make 
feeble muscular movements. 

Nutrition and respiration There is no gut. Food and air 
(probably in short supply) are absorbed over the surface of the 
proglottides. 


ADULT TAPEWORM INSIDE 
GUT OF HUMAN BEING 


SIX HOOKED EMBRYO 
40 p diameter 


} a: PROGLOTTIS 
f CONTAINING EGGS 
— 4 length 2 cm. 


RIPE EGG 
40 p diameter 


Reproduction and life-cycle Each proglottis is hermaphro- 
dite, and eggs are produced by self-fertilization within it. Ripe 
proglottides contain 40,000 eggs, and 10 proglottides may pass 
into the soil via the host's faeces cach day. The eggs are set 
free, and if eaten by a cow, a small embryo with 6 hooks 
escapes from the egg into its gut. It burrows through the 
tissues, and reaches muscles in which it develops into a 
bladder with a small tapeworm head inside. If uncooked meat 
containing bladder worms is eaten by a human being, the 
small head turns inside out, and the 4 suckers attach it to the 
wall of the gut. A neck develops to form a new worm. 


Method of examination Tapeworms are not common. It 
is best to study preserved specimens. The structure of the 
adult and its proglottides can be studied with a lens, or under 
the low power of the microscope. 


7.3 The Liver Fluke (Fasciola hepatica) 


ADULT FLUKE as found in the bile ducts in a sheep's liver 
length 12 cm. 


CERCARIA LARVA 
length 500 u 


REDIA LARVA 
length 1-5 mm. 


Habitat of the adult A parasite inhabiting the bile ducts of 
the sheep’s liver, 


External appearance of the adult A flat leaf-like worm 
2 cm. long. Two suckers towards the anterior end serve to 
attach it to the lining of the bile ducts. 


Irritability There are no obvious sense organs, the nervous 
system is poorly developed, 


Movement The animal can make feeble wriggling move- 
ments, 


Nutrition A sack-like gut leads from the anteriorly placed 
mouth. Blood from the host is sucked in through the mouth, 
sugars can also be absorbed over the whole surface of the 
body. 


Respiration There are no special organs. Air obtained 
from the host's bile is absorbed over the surface of the body. 


MIRACIDIUM LARVA. 
length 100 p 


POND SNAIL 
(Limnaea truncatula) 


Excretion Excretory substances are expelled through a 
pore at the posterior end of the body. 


Reproduction and life-cycle The animal is hermaphrodite, 
and is capable of producing several thousand eggs per day. 
These pass out in the host's faeces, and if they reach water, 
hatch out into a microscopic ciliated larva, a MIRACIDIUM. 
This burrows into a pond snail (Limnaea truncatula) forming a 
sporocyst, which quickly produces larvae termed REDIAE. 
These reproduce many times, and finally produce a third type 
of larva called a CERCARIA. This escapes from the snail, 
swims to the margin of the water, and forms a cyst. This is a 
resting stage, which, if eaten by a sheep, develops into a young 
Fluke which proceeds to the liver, and starts a new life-cycle. 


Method of examination Examine the adult animal with a 
hand lens, in a watch-glass placed on a dark background. 
Examine the tissues of a recently killed snail for larval stages. 
Examine prepared slides of larvae, 


8 Nematoda 


Cylindrical animals made from three layers of cells, ectoderm, 
mesoderm and endoderm (triploblastic). The gut is a tube with 
an opening at the anterior and posterior ends. 


8.1 The Pig Roundworm (Ascaris lumbricoides) 


MALE (EXTERNAL VIEW) 
length 12 cm. 


FEMALE (EXTERNAL VIEW) 
length 18 cm. 


mouth intestine 


SLD 
CR Teas Uv. Ones 


excretory canals 


DISSECTION OF MALE 


intestine 


excretory canals 


DISSECTION OF FEMALE 


Habitat The animal lives as a parasite in the gut of a pig. 
External appearance A creamy-white cylindrical animal 


with a shiny cuticle. A groove runs along the dorsal and 
ventral surfaces. Three lips round the mouth. 


Irritability There are no obvious sense organs, the nervous 
system is poorly developed. 

Movement The animal can make feeble wriggling move- 
ments. 

Nutrition The animal absorbs food which has been partly 
digested by its host. 

Respiration There are no special organs. Air (probably in 
short supply in its habitat) is absorbed over the surface of the 
body. 

Excretion A pair of canals along each side, open at a 
ventral pore at the anterior end of the body. 
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Reproduction The male has one testis, connected by a 
sperm tube to the reproductive opening in its curled tail. The 
female has two ovaries, each çonnected by an oviduct and 
uterus to a single vagina, opening ventrally a short distance 
behind the mouth. Males and females copulate in the host's 
gut, and thousands of eggs pass out daily in the faeces. If 
eaten by another host (pig or man), they enter the gut and 
start another generation of roundworms. 


Method of dissection Pin the worm out under water in a 
dissecting dish, ventral surface towards the wax. Use a pair of 
scissors and forceps to open the body carefully from posterior 
to anterior. Identify the internal organs. Squash a portion of 
the uterus on a slide, and examine the eggs under the low 
power of the microscope. 


9 Annelida 


9.1 The Earthworm (Lumbricus terrestris) 


setae 


nephridiopore (external 
nephridial opening) 


prostomium 


Cylindrical triploblastic animals with a gut opening at anterior 
and posterior ends. The body ringed externally and divided 
internally into about 150 segments. There is a body cavity or 
coelom. 


sperm groove 


opening of sperm duct 
‘opening of oviduct 


EXTERNAL APPEARANCE FROM LEFT HAND SIDE 


dorsal blood vessel 
typhlosole 


intestine 


ventral blood vessel 
ventral nerve cord 
sub-neural blood vessel 
septum 


(one between each segment) 
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seta 
epidermis 
circular muscles 
longitudinal muscles 
parietal blood vessel 
nephridium 


nephrostome (internal opening of nephridium) 
nephridiopore (external opening of nephridium) 


SECTIONAL DIAGRAM SHOWING FOUR SEGMENTS BEHIND THE CLITELLUM 


circular muscles 
longitudinal 
muscles 


yellow cells typhlosole 
part cavity of intestine 
of nephridium 
ventral 
ventral blood vessel 
nerve cord sub-neural 
seta blood vessel 


TRANSVERSE SECTION 
THROUGH INTESTINAL 
REGION 


Habitat and structure It lives in burrows in the soil. It is 
cylindrical in form, often reaching 25 cm. in length, the dorsal 
surface darker than the ventral, Each segment has 4 pairs of 
setae projecting laterally from it. There is a clitellum or saddle, 
one-third the distance from the anterior end. 


Irritability and Movement A ventral nerve cord extends 
the length of the animal below the gut. There is a ganglion in 


dorsal blood vessel 


nephrostome 


nephridiopore 


system of coiled tubes 
A SINGLE NEPHRIDIUM 


each segment, and a dorsally placed ‘brain’ in segment 3, 
joined to the rest of the nervous system by two commissures 
which surround the pharynx. There are sense organs in the 
skin. (See 18.1.) Alternate contractions of the muscles under 
the skin cause the body to elongate or shorten, the setae enable 
it to grip the sides of the burrows, enabling it to move for- 
wards or backwards. 


DISSECTION OF ANTERIOR END 
FROM DORSAL SURFACE 


five pairs of lateral 
contractile vessels 


p_i 
70 p 
SPHERE OF PROTOPLASM 
CONTAINING DEVELOPING 
SPERMS 


dorsal blood vessel 


nephridium 


septum 


Nutrition The food is mainly leaves. Identify the main 
parts of the gut—mouth (segment 1), buccal cavity (1-2), 
pharynx (3-5), oesophagus (6-15), crop (16-17), gizzard (18- 
20). The rest of the body is occupied by the intestine, covered 
by a yellow tissue. 


Respiration Gases diffuse through the skin. There is a 
blood system in which blood moves towards 5 pairs of hearts 
in segments 7-11. They surround the oesophagus and drive 
blood away in the ventral and sub-neural vessels. The blood 
contains the red pigment-haemoglobin. 


Excretion A pair of ciliated coiled tubes called nephridia 
occurs in each of segments 4-149. They drain excretory 
materials through pores, a pair on the ventral surface of each 
segment. 


Reproduction The animal is hermaphrodite. Identify the 
spermatheca in segments 9 and 10. The sperm vessels in 
segments 10-13. The pair of male openings ventrally placed 
on segment 15, and the female pair on segment 14. The 
clitellum from which the cocoon is made, segments 32-37. 


Method of examination 

(a) Examine a live earthworm, identify prostomium, mouth, 
setae, male reproductive opening, sperm grooves, clitellum. 
Observe the method of movement, identify dorsal and 
ventral surfaces. 


brain (supra-pharyngeal ganglia) 
nerve collar (circum-pharyngeal commissure) 


pharynx 


anterior right sperm vessel 
spermatheca 
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(b) Dissect an earthworm, pinning its ventral surface down- 
wards in a dissecting dish. Place two pins slantwise 
through the sides of segment 3, then, extending the animal, 
place another pin through the posterior end. Cover with 
water in which a pinch of salt has been dissolved. Make 
a cut in the dorsal surface near the posterior, with a pair 
of scissors. Cut forward carefully along the mid-dorsal 
line. Then carefully sever the septa along each side of the 
gut with a scalpel, paying special attention to the seg- 
ments in front of the clitellum. Push a portion of the 
intestine to one side, note the ventral nerve cord beneath 
it. 


(c) Remove a nephridium by snipping a septum and the 
coiled tube attached to it, then take it out with forceps. 
Mount in a drop of 1% salt solution on a slide, and note 
the rhythmic movement of the cilia when examined under 
the microscope. Nematode worms may also be seen, 


(d) Squash a small portion of a sperm vessel on a slide, and 
smear its contents. Observe the sperms in various stages of 
development under low and high powers of the micro- 
scope. Stages of a Protozoan parasite called Monocystis 
may also be present. 


(e) Examine a prepared slide of an ovary. 


10 Arthropoda 


10.1 CLASS CRUSTACEA 


Mainly aquatic animals, with tough skeletons divided into 
approximately 20 segments. 


10.1.1 The Crayfish (Astacus fluviatilis) 


EXTERNAL FEATURES SEEN 
FROM LEFT SIDE 


lenses 
eye stalk 


VERTICAL SECTION 
OF ONE EYE 


MANDIBLE 


Habitat and structure It lives in rivers and streams. The 
tough external skeleton is divided into head, thorax and 
abdomen, the latter having flexible segments. The paired 
appendages are arranged: head, 6; thorax, 8; abdomen, 6. 


Irritability A ventral nerve cord runs the length of the 
body. The ‘brain’ in the head is joined to it by two nerves 
passing either side of the oesophagus. A pair of compound eyes 
and two pairs of antennae are the main sense organs found on 
the head. 


Movement and nutrition It moves forwards on its thoracic 
walking legs, assisted by the abdominal swimmerets, When in 
danger it can make sudden movements backwards by flexing 
the abdomen and tail fan. It feeds on small animals, seizing 
them with its chelae and tearing with the mandibles. The prey 
is passed finally into the mouth, and ground and digested in 
the gastric mill. 


Respiration and excretion It breathes through gills, many 
of which are joined to the thoracic appendages and situated 
under the thoracic gill covers. A current of water is drawn 
forwards over them, from behind; the oxygen they extract is 


HEAD == THORAX = ABDOMEN 
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Triploblastic animals, the coelom largely filled by organs, 
muscles and large spaces containing blood. There isa hard 
segmented external skeleton, flexible at the joints. Paired 
jointed appendages occur on most segments. Growth takes place 
by a series of moults. 


2nd PLEOPOD 


carried round the body by a blood system. Excretory sub- 
stances are removed by a pair of green glands in the head. 


Reproduction The sexes are separate. The female lays eggs 
in autumn and carries them under her abdomen. When the 
larvae hatch out they stay attached to the swimmerets for a 
time. The crayfish also has the power to regenerate damaged 
limbs. 


Method of examination 


(a) Examine a live animal moving in a dish of water. 
Observe the mouth part which draws a current of water over 
the gills. Place a little ink from a Pipette near the back of the 
thorax, and observe its passage through the front end of the 
gill chamber. Place one animal on a dark and another on a 
light background and notice how they adapt themselves by 
slowly changing colour. 

(b) Pin a dead crayfish ventral side downwards in a dissect- 
ing dish. Cover it with water, then remove each segment by 
Starting from the posterior end, making a cut on each side 
with a pair of scissors. Continue forwards on each side of the 
thorax near its dorsal surface, bringing the two cuts together 
behind the eyes, Remove the horny covering of the head and 
thorax and identify the internal organs. 


DIAGRAM FROM RIGHT 

SIDE OF HEAD AND THORAX 
TO SHOW INTERNAL 
STRUCTURE OF FEMALE 
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OTHER CRUSTACEA 
10.1.2 The Water Flea (Daphnia pulex) 


This is a very common Crustacean found in the surface 
waters of a pond or lake. It is 3-4 mm. long. Examine it in a 
drop of water on a cavity microscope slide. Identify the pair of 
antennae which it uses for locomotion, and the prominent 
single eye formed from the fusion of two lateral eyes. The 
sides of the thorax are large and enclose the rest of the body 
and its appendages, which can be seen moving underneath it. 
Observe the heart in the dorsal region of the thorax. The rate 
at which it beats under various conditions of temperature can 
be studied. (See 18.2.) 
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10.1.3 The Garden Slater (Oniscus asellus) 
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This a common Crustacean often found under stones or 
leaves, and reaching a length of 14 mm. The segments of the 
thorax and abdomen are very similar in appearance, and most 
of their appendages are used in walking. The inner plates of 
the abdominal appendages function as gills; notice how the 
animal ventilates them by moving the abdomen up and. down. 
These animals can be used for experiments to detérmine the 
reasons why they live in damp habitats. (See 18.0.) 
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10.2 CLASS INSECTA 


Animals with a horny external skeleton, light in weight and 
divided into head, thorax and abdomen. The thorax has 3 
pairs of legs placed ventrally, and there are 1 or 2 pairs of 
wings on the dorsal surface. The abdomen rarely carries any 


appendages. 


10.2.1 The Cockroach (Periplaneta americana) 


MALE (DORSAL VIEW) 
body 5 cm. long 


antenna 
head 
compound eye 


prothorax 


elytra 
(wing covers) 


third leg 


anal cercus 
anal style 


Habitat and structure It occurs in damp warm places such 
as cookhouses where it has become domesticated. Its natural 
habitat is tropical countries. The horny external skeleton is 
divided into head, thorax and abdomen. The head has a pair 
of long segmented antennae, a pair of compound eyes and 3 
pairs of mouth parts. These are mandibles, maxillae and 
labium. There are 3 pairs of legs ventrally: placed on the 
thorax; on the dorsal surface there is a pair of wing covers 
(elytra) attached to the middle segment, which protect delicate 
wings on the last thoracic segment. There are nò abdominal 
appendages. 


Irritability There is a ventral nerve cord running the 
length of the body under the gut. A ‘brain’ placed dorsally in 
the head is connected to it by two nerves running on each side 
of the oesophagus. A pair of compound eyes fit closely to the 
front and sides of the head. There is a pair of long flexible 
antennae. 


Movement The insect probably never uses its wings for 
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flying but instead walks actively on its legs, A pair of claws on 
the end of these enables it to climb vertical surfaces, 


Nutrition It feeds on scraps of food which it seizes and 
shreds with its mouth parts. Digestion is aided by saliva, 
produced from a pair of salivary glands placed on each side of 
the vesophagus. 


Respiration It breathes by means of tracheae, fine air 
tubes which carry oxygen to all parts of the body. Tracheae 
open to the exterior at holes called spiracles, 2 pairs on the sides 
of the thorax and 8 pairs on the sides of the abdomen. A large 
part of the body is filled with a colourless blood fluid, cir- 
culated by a thin tubular heart extending the length of the 
thorax and abdomen in the dorsal region. 


Excretion The excretory organs are fine tubes, joined to the 
hind portion of the midgut. They filter out waste materials 
from the blood cavity in which they lie. 


DIAGRAM TO SHOW STRUCTURE 
(SEEN FROM LEFT SIDE) 
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MANDIBLE LEFT MAXILLA LABIUM 

Reproduction The sexes are separate. Males can be identi- 
fied by 2 pairs of appendages at the posterior part of the 
abdomen, females have only | pair. The male injects sperms 
into the reproductive system of the female. The eggs when 
fertilized are laid 16 at a time and protected in a horny 
case which is carried under the abdomen of the female. The 
young cockroaches which hatch out are similar in structure to 
the adults, except that the wings are poorly developed; they 
are called nymphs, for they develop directly into the adult 
form by a series of moults. 


Method of examination 


(a) Examine living animals in a small covered glass dish. 
Notice how they move their antennae amd mouth parts, and 
also how they walk on the bottom and sides of the dish. 


(b) Using a dead animal, carefully fix the head to the wax 
of a dissecting dish with a pin so that the mouth parts are 
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i EGG CASE 
2nd WALKING LEG TRACHEA (OOTHECA) 


towards you. Grip each part firmly with a pair of forceps and 
gently pull them away from the head. Mount the two mandibles, 
two maxillae and labium on a slide and examine their 
structure, 


Dissect the animal by placing it in a small circular tin 
about 3 in. in diameter, containing wax. Melt the centre of the 
wax surface and place the animal abdominal side down, so 
that it sticks to it. Cover it with water. Remove the wing 
covers, and wings, then open the animal by cutting along 
each side of the abdomen forward to the head, using scissors 
and forceps. Remove the dorsal plates of the external skeleton 
carefully and notice the heart lying beneath it. Next remove 
this together with the fat body surrounding it, and examine 
and identify the remaining organs within the body. 


Remove a piece of shiny trachea, and examine it in a drop 
of water on a microscope slide. 


10.2.2 The Cabbage White Butterfly (Pieris brassicae) 
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WING, SHOWING SCALES OF THE IMAGO'S HEAD STRUCTURE OF PROBOSCIS 
Habitat There are three distinct Stages, the larva (or Reproduction and life-cycle Eggs are laid by the female in 
caterpillar) lives on cabbage leaves; the pupa (or chrysalis) in batches under cabbage leaves, in early and late summer. They 
a dry, sheltered crevice; the adult is able to fly. hatch out into caterpillars, cylindrical animals whose thorax 
Structure of the adult It has a thin cylindrical body, and abdomen are somewhat similar in appearance. The head 
clearly divided into head, thorax and abdomen. There are 2 is distinct and carries a pair of small antennae, eye spots and a 
pairs of wings, covered with fine scales. The fore wings of the pair of powerful mandibles. The labium acts as a spinneret 
female have two dark spots which are absent in the male. and produces silk. The whole of the body is hairy. After feed- 
The head carries a pair of long antennae, each ing voraciously and moulting about six times to reach full 
one with a knob at the tip. T is aka a pair of prominent size, they move to a sheltered crevice into which they fix 


: themselves with silk. They now enter the resting stage and 
develop into a pupa. During the course of a few weeks in 
summer (or over winter in the case of pupae produced in early 
autumn) the adult stage gradually develops and when mature 


compound eyes. 


Movement It is rather clumsy in flight due to the feeble 
beating of the wings. When at rest they are folded in a vertical 


position. emerges from the dorsal surface of the pupal case. 
Nutrition It feeds on nectar, which is sucked from flowers Method xamina’ i : 
by the prominent proboscis situated under the head. =s tion Examine the behaviour of live 


caterpillars in a jar, containing cabbage leaves. If possible, 
Respiration It breathes by means of tracheae, which open allow them to pupate. 


by spiracles on the sides of the abdomen (6 Pairs) and thorax Examine preserved specimens of all three Stages with a 
(1 pair). hand lens. 
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10.2.3 The Honey Bee (Apis mellifica) 


HONEY COMB 
(WORKER CELLS) 1.5 cm. 


comb 


Ist LEG 


HEAD OF WORKER 
(anterior view) 


Habitat and structure It lives in a hive, a community con- 
sisting of a Queen (fertile female), several hundred DRONES 
(fertile males) and up to 70,000 workers (sterile females). 
Each has head, thorax and abdomen, with 2 pairs of thoracic 
wings. 


Irritability, movement and nutrition The head carries 
antennae, compound eyes and eye spots. The hind pair of 
wings carries hooks, locking in a groove on the fore wings. 
Bees feed on honey, made from pollen and nectar. 


Reproduction and life-cycle A young princess receives 
sperms from a drone during the nuptial flight in May. 
She returns as queen of the hive and proceeds to lay about 
1,000 eggs per day during the rest of the summer. Most of 
these are fertilized and develop into female larvae, but 
unfertilized eggs (about 1 in 8) develop into male drones. 
When the female larvae hatch out, the majority are fed on 
honey made from nectar, and these become workers. A few 
female larvae are fed on a special diet containing pollen 
grains, and these become future queens. The workers are the 
most numerous individuals and a timetable of their life cycle 
would be Day 0, egg laid. Day 3, larva hatches out. Day 10 


prong 


2nd LEG 


poison sac =< -sting 


4mm. 
rH 


WORKER, STING AND 
POISON SAC 


WORKER 
1-3 cm. 


WORKER WINGS 


pupation, Day 18, adult worker emerges. Day 18-28, the 
young workers make wax in glands under their abdomens and 
form it into honeycomb. They clean out cells. Day 28-32, 
they store food and ventilate the hive with their wings. Day 
32-39 they make trial flights and do sentry duty. For a further 
2 to 3 weeks they collect pollen and nectar. Pollen is carried 
on the body and in a pair of pollen baskets on the 3rd pair of 
legs. The 2nd pair have a prong for digging the pollen out on 
return to the hive. The Ist pair of legs carry a comb for clean- 
ing the antennae, At the end of this period they die but workers 
still alive at the end of autumn survive the winter in the hive, 
together with the queen, feeding periodically on the honey 
store. 

Any drones remaining in the hive at the end of the summer 
are pushed out by the workers and die of exposure. 


Method of examination Examine live bees if possible in a 
demonstration glass-sided hive. Examine preserved specimens 
of the three castes in a watch glass, using a hand lens. Study 
prepared slides of worker mouth parts, legs, wings and sting. 
Study a piece of honeycomb, noting the brood cells, and the 
queen cells. 


10.2.4 The House Fly (Musca domestica) 


ý LARVA size | cm. 


ocelli 


compound 
eye 


pads at tip 
of proboscis 
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Habitat There are three distinct stages. The larva or grub 
lives in rotting food, the pupa lives in a dry sheltered habitat, 
and the adult flies especially in and about human dwellings. 


Structure of the adult There is a distinct head, thorax and 
abdomen. One pair of wings is situated on the middle thoracic 
segment. A pair of projections from the dorsal surface of the 
third thoracic segment is thought to act as a balancing mech- 
anism when flying. The whole body is hairy. 


Irritability There is a ventral nerve cord. The head has 
three simple eye spots placed anteriorly and a pair of com- 
pound eyes. 


Movement It flies efficiently. Each pair of legs has 2 claws 
and 2 sticky pads at the tip. The pads enable the fly to walk 
upside down on smooth surfaces, 


Nutrition It feeds on liquid food. The salivary glands 
produce a digestive fluid which is passed to the tip of the 
proboscis. This dissolves any food material or which the fly 
has settled, so enabling the fly to suck it up into its digestive 
system. 


Respiration The fly breathes through a system of tracheae 
opening to the outside of the body by means of spiracles. 


PUPA 
(in barrel shaped case) 


{ 4 days] attachment muscles 


8 mm. 


LEFT WING OF ADULT 


Reproduction and life-cycle The female lays small cylin- 
drical eggs about 1 mm. long. They are placed during the sum- 
mer in batches in decaying food and hatch in a few days into 
larvae. These grow rapidly, moulting twice to reach a length 
of about 12 mm. They have 12 visible segments and are 
conical in shape, with the head at the pointed end. This carries 
2 eye spots which are kept in the shadow of the bulkier body, 
so encouraging the larva to move away from light. Having 
reached full size in 7 days, it moves to a dry place where the 
skin becomes hardened and contracts into a barrel shape, 
brown in colour. Inside this a pupa develops. During this 
stage the tissues are reorganized, and in about 4 days an adult 
fly is formed. The lid of the pupa case: is pushed off by the 
Pressure of a small sac on the head which is inflated for this 
purpose. It is possible that in cold weather the pupal stage 
lasts for a much longer time, and it is in this condition that 
flies survive the winter. The adult fly is responsible for many 
human diseases due to its habits of feeding on manure and 
decaying food. Germs which it picks up on its hairy body are 
then transferred to any human food on which it may happen 
to alight. 


Method of examination Examine the living larva of a 
bluebottle in a small dish. Observe its method of movement 
and reaction to light. (See 18.1.) 

Examine a dead house fly with a hand lens. With a pair of 
forceps remove a wing, a leg and the proboscis and observe 
these on a slide under the low power of the microscope. 


10.2.5 The Gnat (Culex pipiens) 
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Habitat There are three distinct stages. The larva and pupa Reproduction and life-cycle The female lays theeggs in the 
live in ponds and ditches, the adult is able to fly efficiently. form of rafts which float at the surface of still water, in ditches 


and small ponds. The larva hatches out in 3 days and is 
similar to a caterpillar in appearance; it can swim in the water. 
Periodically it comes to the surface in a horizontal position to 
breathe in air through a tube on the 8th abdominal segment. 
On the 9th segment there are gills. After moulting four times it 


Structure of the adult The body is divided into head, 
thorax and abdomen with a pair of wings on the middle 
thoracic segment. The male has short, hairy antennae and his 
mouth parts are adapted for sucking liquid food. The female 


has long thread-like antennae, and her mouth parts are changes into a pupa which continues as an active animal. The 
adapted for both biting and sucking. i head and thorax are comparatively large, the abdomen being 

Irritability There is a ventral nerve cord. The head carries thin and curved underneath them. Two small breathing tubes 
a pair of large compound eyes. project from the dorsal surface of the thorax and enable the 


Mo t The adults are efficient in flight, the beating of animal to breathe air through the surface film of the water. 


á . A : It can swim up and down in the water by jerking movements 
the wings making a low buzzing noise. The legs are sonder; of the abdomen. After a few days, the pupa comes to the 


Nutrition The male feeds on nectar, sucked up into the surface of the water, its skeleton splits along the dorsal 
digestive system by a proboscis. The female has mouth parts surface and the adult emerges. It rests for a time on the floating 


adapted for biting in addition, which can pierce human skin pupa case, until its wings harden, then it flies away. 

so that the insect can feed on blood. Saliva produced in the 

insect's salivary glands prevents the blood from clotting as it is Kaai of araia Exatath livin 

sucked up by the p oboscis. It also contains a substance which in a jar of water and observe aurea fechas on 

irritates the victim's skin. Under the low power of the microscope examine prepared 
Respiration The insect breathes by a system of tracheae slides of eggs, larvae, pupae and adults. Compare the structure 

which opens to the exterior by means of spiracles. of the head appendages of adult males and females. 
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11 Mollusca 


Triploblastic coelomate animals with fleshy unsegmented bodies 
and no appendages. A soft skin called the mantle secretes a 
chalky shell. 


11.1 The Common Mussel (Mytilus edulis) 


position of exhalant siphon 


growth ring 
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Habitat Marine animals, which live attached to rocks or 
Piers near the low tide mark of coastal waters. 


Structure The fleshy body is enclosed by two shells 
hinged at the apex of the animal. The shells are chalky in 
texture and are made by the mantle, which secretes them 
from its outer edge. As the mantle’s rate of activity varies 
growth rings are visible on the outside of each shell. 


Irritability There are no obvious sense Organs and the 
nervous system is poorly developed. 


Movement There is a flexible fleshy foot which can be 
protruded from the ventral surface between the shells when 
they are open. The animal can make slow movements. When 
disturbed the foot is withdrawn into the shells by powerful 
muscles and the shells themselves are closed by strong 
transverse muscles, one at the anterior and the other at the 
posterior end, Behind the foot, a gland makes horny threads 


which attach the animal to a rock so that it cannot be washed 
away by waves. 


foot retractor muscle 


right shell 


EXTERNAL APPEARANCE 
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DIAGRAMMATIC HALF SECTION 


Nutrition It feeds on bacteria. These are swept into the 
space between the shells by a current of water caused by the 
rhythmic beating of cilia covering 2 pairs of gills which hang 
down on either side of the body. Water enters through an 
inhalant siphon at the posterior blunt end of the shells, and 
leaves through an exhalant siphon situated above it. Two 
pairs of anteriorly placed palps at each side of the mouth filter 
particles of food off the gills and pass them into the mouth. 


Respiration The gills are also used for absorbing oxygen 
from the circulating current of water, There is a simple heart 
and blood system. 


Excretion There is a kidney in the dorsal part of the body. 


Excretory materials are passed out through the exhalant 
siphon. 


Reproduction The sexes are Separate. Gametes from the 
ovaries and testes are shed into the sea where fertilization takes 
place, The eggs then develop into a small ciliated larva shaped 
like a spinning-top. If this is washed ashore by the waves, it 
settles on a rock and develops into the adult form. 


PORTION OF GILL 
MAGNIFIED 


Method of examination Place a living specimen in a small 
dish of sea water. With a pipette introduce a little carmine or 
ink close to the inhalant siphon. Observe the exhalant siphon 
and watch for the coloured particles emerging from it. If a 
living animal is placed in cloudy sea water, it will filter 
particles out of the water, so that it becomes clear in about 
12 hr. 

As the irritable system is poorly developed the animal can be 
opened alive. Insert a coin into the ventral region of the shells 
and prize them apart. The anterior and posterior muscles will 
be torn as the shells are parted. Identify the internal organs, 
by placing the animal in a dissecting dish containing sea water, 
so that the organs are supported by the sea water. Notice the 
irritability of the foot and palps when touched by a seeker. Cut 
out a small square of gill and mount it in a drop of sea water on 
a slide. Under the low power of the microscope observe the 
beating of the cilia. (See 18.2.) 

Chip off a small piece of shell, and place it in a watch-glass 
containing dilute hydrochloric acid. Notice the evolution of 
carbon dioxide as the acid attacks the chalky material of the 
shell. 


11.2 The Common Pond Snail (Limnaea stagnalis) 


tentacle 


Habitat It lives amongst vegetation in ponds and streams. 


Structure It has one shell 3 cm. long, and arranged in a 
spiral of approximately 6 turns rotating clockwise when viewed 
from the pointed end. It is made by a mantle which lines it. 
The fleshy body is protected by the shell. 


Irritability There is a well-developed nervous system and 
the whole of the body is sensitive to touch. A pair of flexible 
tentacles on the head have a simple eye at the base of each one. 


Movement The snail glides on its muscular foot and is 
able to move upside down on a surface film of water. 


Nutrition It feeds on water plants. It rasps off pieces of 
leaf with a horny tongue (radula) situated in the lower part of 
the mouth. The radula is equipped with 500 rows of small 
teeth. 


Respiration and excretion It breathes gaseous air by means 
of a lung lined with blood vessels situated between the mantle 
and the’ body. Oxygen is carried round the body in a blood 


PORTION OF RADULA 
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EGGS IN CASE ON A 
WATER PLANT STEM 


system circulated by a powerful heart. The animal comes to 
the surface periodically to exchange stale air in the lungs 
for fresh air. Excretory substances are filtered from the blood 
by a kidney. 


Reproduction The animal is hermaphrodite, but cross- 
fertilization takes place, the sperms from one animal fertilizing 
the eggs of another. The eggs are laid during the summer in a 
gelatinous mass each containing about 30 eggs. They hatch in 
approximately 1 month. 


Method of examination Observe a snail ina small aquarium 
with a hand lens, and examine it moving on the glass. Watch 
for its radula to emerge and rasp off green plants on the side 
of the tank. Observe it surfacing in order to breathe, sometimes 
it does this by letting go so that the buoyancy of the air in its 
lung causes it to rise to the water surface rapidly. 

Mount a snail egg on a slide, and examine it under the low 
power; the young developing snail can often be seen through 
the egg shell. 

Examine a prepared slide of a radula. 


12 Echinodermata Radially symmetrical triploblastic coelomate animals covered 


with chalky spines. They are marine. 


12.1 The Common Starfish (Asterias rubens) 
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PEDICELLARIA INTERNAL STRUCTURE 

Habitat and structure It lives in shallow coastal waters and Reproduction The testes in the male and ovaries in the 
rock pools, It has a mouth on the lower (oral) surface of a female lie in the angle of each arm. The gametes escape from 
central disc, from which 5 arms radiate. On their lower surface an opening, one between each arm and rise to the surface of 
a system of tube feet runs in a groove. The whole upper the sea. Here the eggs are fertilized and develop into ciliated 
surface (aboral) is covered with chalky spines amongst which larvae which feed on surface plankton. When fully grown 
are organs called pedicellariae, They keep the skin clean by (about 2 mm.) they sink to the bottom and develop into adult 
rotating about their fixed bases and nipping off any foreign Starfish. 
bodies with a pair of beak-like jaws. The starfish has good powers of regeneration. 

Irritability and movement The nervous system is poorly Method of examination Observe live starfish in a dish of 
developed. The main sense organs consist of a special tube sea water, noting their method of ‘movement, Place one pe” 
foot at the tip of each arm. Locomotion is brought about by a side down in the water and observe how it rights itself. In 
system in which sea water enters a porous plate (the madre- early summer it is sometimes possible to observe fertilization 
porite) asymmetrically placed on the aboral disc surface. of starfish eggs. (See 23.3.) re 
Water is moved by cilia acting inside the pores and passes via Dissect S dead starfish, by placing n oral surface down- 
a stone canal to a ring canal surrounding the mouth. From wards in a dissecting dish, and place SPa through the tip of 
here, the continuous pressure caused by the cilia forces it into cach arm. Cover it with water containing a pinch of salt. 
radial canals running in the lower part of each arm. The water Cut round the edge of the disc, leaving the madrepo ie 
pressure inflates small sacs called ampullae communicating Position, and remove the aboral section of the disc. Cut along 
with the tube feet. These extend and slow waving movements the aboral surface of each arm and pin the skin back. Identify 
cause the animal to move, usually with one arm leading and the internal organs. : é : 
the other four trailing behind. Cut off an arm close to the disc and insert a fine pipette 

containing water into the exposed radial canal of the water 

Nutrition It feeds on mussels by placing its five arms over vascular system. Squeeze water from the pipette into this 
the two shells of its prey, slowly prising them apart, then canal and observe the inflation of the ampullae and tube feet. 
through its mouth turns its stomach inside out directly on to Place a small picce of skin on a cavity slide in a drop of 
(fir aua Of the trniesdl, water and observe spines and pedicellariae under the low 

power of the microscope, using top illumination. 

Respiration and excretion The hard aboral surface of the Place a small piece of skin in a watch-glass containing dilute 
skin is pierced in many places by thin walled sacs which act as hydrochloric acid and observe the solution of the chalky 
gills and excretory organs. parts by the action of the acid. 


13 Chordata 


Basic plan of a Vertebrate animal, with a considerable portion 
of the right-hand side removed to show the internal structure. 


Triploblastic coelomate animals, the nervous system formed 
from a tube of tissue placed dorsally. Below it, a cylindrical rod 
called the notochord forms the main axis of an internal skeleton. 
The coelom does not extend into a tail, placed behind the anus. 


The digestive system, spinal cord and vertebrae have been cut 
near the tail, to show the structure in transverse section. 
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SUB PHYLUM VERTEBRATA 


This Group contains a variety of animals commonly called 
the Vertebrates, because the notochord in the adult is divided 
into a number of articulated segments, the vertebrae. 

Irritability The dorsal nervous system consists of a hollow 
tube of nervous tissue, expanded at the anterior end to form a 
brain. The head carries the principal sense organs in pairs: 
olfactory organs (smell); eyes (sight) ; ears (sound and balance). 
There are also sense organs inthe mouth (taste) and on the 
skin (touch, pain, temperature). 


Movement Vertebrates have a jointed internal skeleton, 
the joints operated by a system of muscles, It is adapted for 
swimming in the case of fish, flight in birds and walking and 
crawling in land forms. 


Nutrition The digestive system consists of the following 
main parts: 

The mouth surrounded by a pair of jaws which carry teeth in 
many species. There is a muscular tongue in its ventral region. 

The pharynx communicating with the environment by pairs 
of gill slits in aquatic species, The gill slits are present in the 
embryos of land forms. 

The oesophagus. A tube for food from the pharynx. 

The stomach. A thick muscular bag, where digestion begins. 

The intestine. A tabe in which food digestion is completed, 
and the products absorbed into the body. 
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thin walled auricles of the heart.) 


The rectum. The terminal part of the digestive system, 
opening to the exterior at the anus. 

There are also two important glands associated with the 
digestive system, the liver and the pancreas. 

Respiration There is a well-developed blood system 
consisting of a muscular heart placed ventrally in the front 
part of the body. This circulates blood in a series of arteries, 
vessels which lead away from it at the anterior end of the 
body, pass upwards round the gill slits and then back along a 
dorsal artery. The blood then passes through the tissues in 
fine tubes called capillaries, and returns to the heart in veins. 
The blood itself consists of a fluid, plasma, in which two kinds 
of blood cells are suspended: the white corpuscles and red 
corpuscles. The latter contain a respiratory pigment, haemo- 
globin, which enables them to carry oxygen round the body. 
The respiratory organs consist of gills in aquatic species and 
lungs in land species. 

Excretion A pair of kidneys placed dorsally in the body 
filters liquid excretory materials out of the blood, which are 
passed to the exterior via ducts called ureters. 

Reproduction The sexes are separate. The male produces 
sperms in a pair of testes, and these pass out of the body 
through sperm ducts, which are closely connected to the 
ureters in some species. The female produces eggs in a pair of 
ovaries, the eggs pass out of the body through oviducts, cach 
one with its internal opening near the ovary. 


13.1 CLASS PISCES (Fish) 
Aquatic Vertebrates which breathe by means of gills. 


13.1.1 The Herring (Clupea harengus) 


nostrils 
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A marine fish which lives in shoals consisting of millions of 
individuals. The body is covered with a smooth slimy skin, 
beneath it lie fine semi-circular bony scales marked with rings, 
each ring representing one year in the life of the fish. It swims 
by means of fins, the most important being at the tip of its 
powerful muscular tail. 

It detects vibrations in the water by means of sense organs 
in a pair of lateral lines, one down each side of the body. It 
feeds on plankton, small plants and animals near the surface 
of the sea, which it strains from the current of water passing 
over its gills by means of gill rakers. There are four pairs of 
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gills, delicate structures protected by a flap of skin on each 
side of the head, called the operculum. The females lay eggs 
in vast quantities at the bottom of the sea, and, when they 
hatch out, the larvae swim to the surface to feed on plankton. 

Examine the external features of a herring, noting the 
structure of the mouth, gills and fins. With a pair of forceps 
make an incision in the skin at one side of the body. Remove a 
number of scales from beneath the skin with the forceps and 
mount them dry on a microscope slide. Examine the growth 
rings either with a hand lens or under the low power of the 
microscope. 
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13.1.2 The Minnow (Phoxinus laevis) 


lateral line 


A freshwater fish which is very common in ponds and 
streams and reaches a length of approximately 8 cm. It lives in 


small shoals and moves actively in search of food, feeding on 


small water animals and plants. Jt breathes by means of gills 
but it is also able to gulp air in through its mouth, which is 
swallowed into the intestine. The walls of the intestine are 
lined with blood vessels which absorb oxygen from the air, and 
so enable the fish to live in poorly aerated water. The female 
lays about 1,000 eggs at a time, usually amongst gravel in 
shallow water. 
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Examine living minnows in small glass dishes, During the 
breeding season, males can be distinguished from females by 
red colour at the corners of their mouths. Place one dish on a 
white background and another on a dark one and observe the 
change in colour of these animals. Also observe colour change 
when the fish are fed with morsels of food. Examine the ex- 


ternal features, noting the structure and arrangement of the 
fins. 


13.2 CLASS AMPHIBIA (Frogs and Newts) 


Vertebrates which spend their larval life in fresh water, but the 
adults are able to live out of water. 


13.2.1 The Common Frog (Rana temporaria) 


thumb pad’ =~ 


MALE FROG SEEN FROM RIGHT SIDE LEFT HAND 


Habitat The larva, or tadpole, lives in ponds and streams, 
the adult lives in and around damp places. 


External appearance The adult has a squat body covered 
by a damp, slimy skin. There is no tail. The hind limbs have 
webbed feet with 5 digits. The fore limbs have 4 digits, the 
male can be identified by pads on its thumbs. 


Skeleton There is an internal bony skeleton. The skull is 
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broad, with a centrally placed cranium with a large eye-socket 
on each side of it. Behind it and running along the dorsal 
axis of the animal is a vertebral column consisting of 9 small 
vertebrae, with a long wrostyle at the posterior end. The fore 
limbs are comparatively short and are attached to the pectoral 
girdle. The hind limbs are larger and are attached to the pelvic 
girdle, rigidly fixed to the posterior end of the vertebral 
column. 
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Irritability There is a prominent pair of eyes. Below 
each one is an ear-drum. The central nervous system is well 
developed, with a brain lying inside the cranium. Ten pairs of 
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nerves arise from the spinal cord. Examine a prepared dis- 
section of the nervous system, made from the dorsal surface 
of the animal. 


Nutrition Its main food is flies, which are caught while 
they are on the wing with a quick action of its sticky tongue, 
which is hinged near the front edge of the lower jaw. 


Method of dissection Place a freshly killed frog dorsal 
surface downwards in a dissecting dish. Pin it to the wax with 
a pin through each limb, so that the whole animal is extended, 
Cover with water containing a pinch of salt. Open the mouth 
with a pair of forceps, and examine the structure of the buccal 
cavity. 

To start the dissection, lift a piece of skin with the forceps 
in the middle of the abdominal region. Snip into it with a pair 
of scissors, and make a cut along the mid-line for the whole 
length of the body. Make a lateral cut part way along each 
forearm and for a short distance down each leg. Be particularly 
careful not to dig your scissors downwards, especially in the 
region of the armpits, where important blood vessels pass into 
the skin at this point. Pin the skin back down each side of the 
body. 


Now dissect open the body wall. To do this, carefully make 


carotid arch 
systemic arch 
pulmonary arch 
lung 


heart 

liver 

gall bladder 
stomach 
spleen 
pancreas 
bile duct 


internal opening 
of eustachian tube 


ileum 
r VIEW LOOKING INTO 
anterior abdominal vein, MOUTH 


cut and ligatured 
rectum 
bladder 


cloacal aperture 


DISSECTION OF MALE TO 
SHOW MAIN INTERNAL 
ORGANS 


two cuts about 1 cm. long, one on each side of the anterior 
abdominal vein, which will be clearly visible running along 
the axis of the body wall from front to rear. With a pair of 
forceps, pull a loop of thread through the cut on one side, 
under the vein and out through the cut on the other side. Cut 
the loop of thread, so that you now have two pieces of thread 
passing under the vein. Tie a knot in each piece of thread so as 
to constrict the vein. Nowcut the vein through with the scissors, 
and, if the threads have been properly tied, there will be no 
leakage of blood. Cut forwards along one side of the vein, 
until you reach the sternum, when you can safely continue 
your cut in the mid-line of the body and so through the 
ventral part of the pectoral girdle. Undo the pins holding the 
arms and pull the arms apart gently and pin them down 
again. Pin the body wall out to each side of the animal, so as 
to reveal the internal organs. With the aid of a seeker and a 
hand lens examine their general arrangement and identify 
them. 

If the water in your dissecting dish becomes cloudy during 
the dissection, change it for fresh water and put a pinch of salt 
in it, as before. 


Respiration 
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The frog uses three methods for breathing: (a) through its 
damp skin; (b) through the lining of the buccal cavity; (c) 
through the tissues of the lungs. Observe a living frog and 


notice the movements of the nostrils and hyoid apparatus of 
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The respiratory gases are carried round the body in the 
blood system. The main blood vessels are shown in the 
diagrams above. Try to identify them in your general dissec- 
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the lower jaw when it is breathing through its lungs. The 
diagrams above represent the cycle of events during lung 
breathing. 


VENOUS SYSTEM 
(VENTRAL VIEW) 
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tion. Blood travels away from the heart in the arteries of the 
arterial system. It returns to it in the veins of the venous 
system. 


The heart 
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HEART, VENTRAL VIEW 
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i Make a thin smear of frog’s blood on a slide. Observe the 
disc-shaped red corpuscles containing prominent nuclei, 
Examine the smear carefully for irregular-shaped white 
corpuscles, which occur less frequently than the red ones. 
Carry out your observations under the high power of the 
microscope. 


The heart lies immediately beneath the sternum, and’ is 
revealed when the arms are pulled apart during the later 
stages of the dissection. (See section on General Dissection.) 
It consists of 5 parts: 2 auricles; a ventricle; a truncus arteriosus; 
and a sinus venosus—all totally enclosed in a transparent piece 
of skin called the pericardium. With great care this can be 
dissected away with scissors and forceps. The heart frequently 
starts beating again, especially if it is massaged by rhythmically 
pinching the ventricle with the forceps. Blood is pumped by 
the ventricle into the arteries, in which it travels to all parts of 
the body and lungs. Blood returning from the body in veins 
enters the right auricle; that returning from the lungs enters 
the left auricle. 


Capillaries in tadpole’s tail 
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The arteries are connected to the veins to complete the 
circuit by means of microscopic tubes called capillaries. They 
lie in most of the tissues of the body. Mount a tadpole in a 
drop of water in a cavity slide, covering its tail with a cover- 
slip. Observe the rhythmic flow of the blood in the capillaries, 
under the low power of the microscope. 
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The Sexes are separate. Remove the digestive system by 
Snipping through the rectum at one end and the stomach at 
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FEMALE UROGENITAL SYSTEM 
(VENTRAL VIEW) 


the other. Identify the organs of the reproductive system and 
excretory systems. 


Life-cycle 

Frogs emerge from hibernation in early spring. The male 
sits astride the female, gripping her slimy skin by means of the 
pads on his hands. After a time, the female lays about 1,000eggs 
which pass out of the cloaca into the pond water. At the same 
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Day 1 Yellow yolk visible in 
the lower third of the egg. 


cement gland yolk 


Day 14 The tadpole hatches by wriggling through the spawn. 
The cement gland attaches it to the surface of the 
spawn. The mouth is not yet open, so it still feeds on 
yolk inside the body. There are three. pairs of external 
gills. If these are examined under the low power, blood 
can be seen circulating in their capillaries. 


Day 22 The external gills are gradually replaced by four pairs 
of gill slits, which develop on each side of the body. 


Day 50 A pair of hind limb buds are visible, the fore-limbs 
develop underneath the operculum and are not 
visible. 


Day 2 Yolk now a small plug at 
the equator of the egg. 


time, the male sheds sperms from his cloaca, and these swim 
in the water and reach and fertilize most of the eggs. The jelly- 
like spawn swells, helping to make the eggs buoyant. 
Observe the development of the eggs in a small jar or 
aquarium; the following is an approximate timetable. 


Day 7 Embryo elongating; head, 
body and tail visible. 


cement gland degenerating 


Day 18 The mouth opens and the tadpole begins to swim 
about, feeding on vegetable matter. 


Day 28 A fold of skin called the operculum grows over the 
front part of the body, enclosing and protecting the 
gill slits. In breathing, water is drawn in through the 
mouth, over the gill slits, and out through a spout on 
the left-hand side. 


tail shrinking 


Day 90 Metamorphosis. The tadpole rapidly adapts itself to 
the adult terrestrial form. The fore-limbs grow 
through the operculum, the tail shrinks and is 
converted into adult body material. The eyes and 
mouth become prominent. The young adult feeds on 
insects and, after 3 years’ development, is able to 
reproduce. 


13.3 CLASS REPTILIA (Reptiles) 


Terrestrial Vertebrates, with teeth in their jaws and the body 
covered with dry scales. 


13.3.1 The Common Lizard (Lacerta vivipara) 


It reaches a length of 15 cm., and in warm weather is active 
amongst vegetation. It has prominent eyes protected by eye- 
lids, a sensitive forked tongue and a pair of ears. It runs 
actively in search of insects, its main food. Air is breathed 
into the body through a pair of lungs. Eggs are fertilized in the 
female’s body by sperms injected by the male. The egg 
develops inside a calcareous. egg shell, the embryo hatches 
through it, inside the mother’s body. 


The Common Lizard is viviparous, i.e. the young are born 
alive (usually 6 to 12), together with the broken egg shells. 

Examine a live or preserved specimen. Note the eyes, 
nostrils, teeth, tongue and ears. Note the nature of the scales, 
limbs and tail. The tail has a breaking point near its base, 
which often snaps if it is caught by a bird. A new tail, though 
poor in appearance, sometimes regenerates from the stump. 


13.4 CLASS AVES (Birds) 
Vertebrates having the forelimbs modified as wings. The body 
covered with feathers, its temperature controlled at approxi- 
mately 40°C, 


13.4.1 The Common Pigeon (Columba livea) 
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Habitat and structure It is a domesticated form of the 
natural Rock Pigeon. The body is light and streamlined, and is 
covered with feathers which keep it warm as well as being used 
in flight. A typical wing feather consists ofa flat vane supported 
by a solid shaft continued into a hollow tube called the quill. 
The quill attaches the feather to the skin in a small pit called 
the follicle. The vane is made up of slanting pieces called 
barbs, carrying rows of smaller barbules. Those facing the tip 
of the feather have hooks which fit into ridges on the barbules 
of the adjacent barbs, so locking together to make a con- 
tinuous vane. If the barbs are separated, they can be rejoined 
by stroking them as in preening, an action which the bird 
performs with its beak. 


Irritability and movement Each eye has an upper and lower 
eyelid and also a thin transparent nictitating membrane, which 
can be extended from the innermost corners and is used for 
cleaning the cornea. The ear openings are placed behind the 
eyes. The sense of smell is poorly developed. The wings are 
very efficient organs of flight operated by powerful muscles 
attached to the pectoral girdle. 


Nutrition It feeds on grain, which is stored in a large crop 
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at the base of the neck. Here it is partially digested and passed 
to the stomach. There is a horny beak surrounding the mouth, 
inside which is a pointed tongue. There are no teeth. 


Respiration Air is drawn into the lungs by movements of the 
sternum, The lungs have extensions into the body tissues 
called air-sacs. There is a syrinx (voice box) at the base of the 
wind-pipe. 

Excretion and reproduction There is a pair of large kidneys, 
each joined to the cloaca by a ureter. There is no bladder. 
The eggs are fertilized inside the female’s body. There is one 
large ovary and oviduct, the sex organs of the right side do not 
develop. Eggs are laid two at a time in a rough nest and 
incubated by the mother at about 40°C. They hatch out into 
young pigeons covered with a fine down (feathers without 
vanes), in about 18 days. 


Method of examination Examine a live or preserved 
pigeon, noting the external features. Study the structure of a 
feather with a hand lens. Study the interlocking of the barbules, 
by cutting a small portion of a vane and mounting it dry on a 
slide, Observe it through the low power of the microscope. 
Examine a preserved skeleton of a pigeon or similar bird. 


13.5 CLASS MAMMALIA (Mammals) 


Vertebrates whose bodies are covered with hair. The tem- 
perature kept constant at about 35°C. The young develop inside 
the reproductive system of the female and are born in an 
advanced state. They are then fed on milk produced in 
mammary glands on the ventral surface of the female body. 
Lungs and heart lie in a thorax separated from the abdomen 
by a diaphragm. 


13.5.1 The Rat (Rattus norvegicus) 


Habitat It lives in and around human dwellings, where it 
feeds on food scraps and rubbish. The domesticated albino 
variety is docile and is the best for study alive, and for 
dissection. 


The skeleton The main functions of the Mammalian 
Skeleton are: (a) to support the tissues of the body; (b) to 
allow movement through a system of joints; (c) to provide 
anchorage for muscles ; (d) to protect vital organs. 

The bones which form the various parts of a skeleton are 
made from: 


NOTE: The Rat is taken as the main example from this class, 
but the Rabbit is more suitable for the study of the 
skeleton and the Sheep for the study of eye and heart. 
This is noted in the section concerned. 


(1) Organic materials, giving flexibility; they are insoluble in 
dilute acids. 

(2) Inorganic materials (calcium salts), which give rigidity, and 
are soluble in dilute acids. 


Place a small bone in a beaker of dilute acid, and note its 
flexibility after the acid has dissolved the inorganic materials. 
Place a small bone in a crucible and heat it strongly to destroy 
the organic material. Note the inorganic ash which remains. 
(For microscopic structure, see page 52.) 


DIAGRAM TO SHOW STRUCTURE OF LONG BONE 


Joints Identify the tissues surrounding a joint, in the hind 
limb of a rat, during general dissection. 
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DIAGRAM TO SHOW STRUCTURE OF A JOINT 


The Skeleton of the Rabbit (Oryctolagus cuniculus) 
The skeleton consists of two sections: 
(1) The Axial Skeleton, 
(2) The Appendicular Skeleton. 
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RABBIT SKELETON TO SHOW AXIAL SKELETON 
AND LEFT SIDE OF APPENDICULAR SKELETON 


The axial skeleton This occupies the central axis of the 
animal, and protects the Central Nervous System (see page 43), 


(a) The skull 
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the organs of the thorax, as well as providing the main support 
for the limbs and limb girdles. 


cranium 
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RABBIT SKULL VIEWED FROM LEFT SIDE 


(b) The vertebral column 

This consists of a number of bony segments called vertebrae. 
A typical vertebra has a hard centrum on its ventral side, 
giving rigidity to the vertebral column as a whole. On the 
dorsal side an arch of bone (the neural arch) surrounds and 


hole through which spinal cord 
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(spinal canal) 


ANTERIOR VIEW 
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STRUCTURE OF TYPICAL VERTEBRA 


protects the spinal cord. Between each vertebra, a biconvex 
lens-shaped piece of cartilage lies between each centrum. 
The neural arches articulate with each other at surfaces called 
zygapophyses. 


VIEW FROM LEFT SIDE 


The vertebral column [continued] 

It is divided into five regions: 
Cervical (neck): 7 vertebrae. 
Thoracic (chest): 12 or 13 vertebrae. 
Lumbar (back): 6 or 7 vertebrae. 
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2nd LUMBAR VERTEBRA view from left 
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Sacral: 4 vertebrae fused together. 
Caudal (tail): 16 vertebrae approximately. 
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2nd CERVICAL VERTEBRA 
(AXIS) DORSAL VIEW 
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The appendicular skeleton 


This consists of the pectoral girdle and fore-limbs, the 


pelvic girdle and hind-limbs. 
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The appendicular skeleton [continued] 
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Irritability The nervous system consists of three main parts: 
the Central Nervous System; the Peripheral Nervous System; 
fore 
brain mid 
spinal cord 
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The Central Nervous System is made from a hollow tube of 
nervous tissue, the spinal cord. It runs along the dorsal axis. 
At the anterior end it expands to form the brain, consisting of 
three regions: fore-, mid- and hind-brain. The cranial nerves 
extend from these to the sense organs and muscles in the 
head, and viscera in the body. 


The Peripheral Nervous System consists of nerves which 
radiate throughout the body, those entering the dorsal part of 
the spinal column come from sense organs, those leaving the 
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and the Autonomic Nervous System. The layout of these three 
systems is shown in the diagram below. 
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ventral part go to voluntary muscles. (See page 53.) The dorsal 
and ventral nerve roots enter the spinal column between 
vertebrae. 


The Autonomic Nervous System is an independent system 
concerned mainly with supplying involuntary muscles. (See 
page 53.) It consists of two systems, the sympathetic and 
parasympathetic. Examine and study the preserved central 
nervous system of a rabbit or rat. 
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The Mammalian Eye 
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The sheep's eye is a convenient type to dissect. Examine a 
fresh eye, and identify the recrus and oblique muscles, and the 
optic nerve, Dissect the eye in a dissecting dish, by making a 
cut with a pair of scissors round the circumference of the 
cornea and remove it to expose the /ens and brown aqueous 
humour. Make four cuts equidistant from each other round the 
surface of the sclerotic towards the optic nerve. Fold the four 
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sections back and pin them to the wax. Remove the vitreous 
body which will often have the lens and ciliary muscles 


‘adhering to it. Identify the retina (green in colour), the choroid 


(black) and the blind spot, together with the nerves and blood 
vessels entering the eyeball at this point. Examine a prepared 
Slide (see page 54) under the microscope. 
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DIAGRAM OF LEFT EAR 
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Study the structure of the pinna and outer car in a preserved 
rat. Carefully insert a pair of forceps into the middle ear, and 


remove the ear ossicles (malleus, incus, stapes). Mount them 
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ina drop of water on a slide and examine under the low power 


of the microscope. Examine prepared slides of the cochlea (see 
page 54). 


Method of Examination of a Rat by a General Dissection 
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RAT. DIAGRAMTO SHOW THE MAIN ORGANS AS REVEALED IN A DISSECTION FROM THE VENTRAL SURFACE 


Lay the animal dorsal surface downwards on a dissecting 
board and stretch out the limbs. Identify its sex. Place through 
each foot a strong dissecting pin and slant it away from you 
so it will not get in the way during dissection, Lift the skin in 
the middle of the abdomen with a pair of forceps and snip 
through it with scissors. Make a cut lengthwise as far as the 
lower jaw in front and the reproductive opening behind. 
Loosen the skin from the body wall with your fingers and 
gently extend it, pinning it out to each side of the body. If 
necessary readjust the pins holding the feet to keep the limbs 
fully extended, Next cut into the body wall of the a n, 
cut forwards as far as the sternum in the thorax an back- 
wards as far as the bladder. Make two lateral cuts at each end 
of your median cut and pin the body wall to the sides. Identify 
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the main organs in the abdomen. 

To dissect the thorax, make two lateral cuts through the 
ribs on each side, and carefully lift off the ventral portion of 
the thorax wall, freeing it from the diaphragm as you do this. 
Take care not to damage the heart. Identify the main organs 
of the thorax. At all stages of your dissection be careful not 
to dig the points of your scissors into the tissues, always keep 
the points cutting sowards you, 


The diagram above shows the principal structures inside the 
body of a male rat, as revealed in dissection, The limbs are 
drawn in their natural position (i.e. not pinned out as they 
would be during the course of dissection), and the digestive 
system has been displaced to the left side of the rat. 


Nutrition 
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RAT, DIGESTIVE SYSTEM REMOVED FROM THE BODY 


The rat is omnivorous. 

The digestive system is suspended from the dorsal surface 
of the body cavity by means of a thin sheet of tissue called a 
mesentery. In this vessels of the blood and lymph systems 
travel to and from the digestive organs. 
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SECTION OF MAMMAL TOOTH 


Mammalian teeth occur in sockets in the jaw bones, A 
typical tooth consists mainly of a hard substance dentine, 
which surrounds a central pulp cavity in which nerves and 
blood vessels are present. The outer surface or crown of the 
tooth is covered with a very hard and durable substance 
called enamel, 

A tooth has three main regions: (1) the crown outside the 
gum; (2) the neck at the level of the gum; (3) the root which 
is fixed in the jaw socket by a cement substance. 

Examine a tooth which has been split open along its length 
and identify the various structures and regions. 

Mammalian teeth vary in shape and structure and are 
related to the type of food eaten. The main types are: 


(a) Incisors, chisel shaped and used for cutting. 

(b) Canines, pointed and used for tearing. 

(c) Premolars and Molars used for grinding. 

Incisors and canines have single roots, premolars and molars 
often have two or more roots, 

Examine the skull of either a rabbit or a rat and identify the 
various teeth. In both these animals the incisors have roots 
which remain open at the base, and these teeth continue to 
grow throughout the life of the animal. Compare the inner 
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Having completed your general dissection, snip through the 
mesentery close to the rectum, and continue the process 
forwards as far as the stomach. Then cut through the rectum 
and oesophagus and lift the digestive system from the body, 
on to the dissecting board. Identify the main organs. 


RABBIT SKULL 
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(concave) and the outer (convex) surface of these teeth. Often 
growth rings are visible on them and represent the daily 
amount of growth, 

There are no canine teeth, and there is a wide gap in the jaw 
called the diastema, which lies between the incisor and molar 
teeth. 


Dental formulae 
i a a 
Rabbit ij: eğ pms: mī: 28. 
1 0. 0, A 
Rat ii cH PMG: m3: 16. 
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DIAGRAM OF RESPIRATORY SYSTEM HIGHLY MAGNIFIED 
The respiratory system through which air passes to and sacs called alveoli. In these, gases diffuse into and out of 
from the lungs consists of: nostrils and nasal cavity. The capillaries which lie very close to their walls. The lungs lie in 
epiglottis, a flap of skin at the back of the throat, which the thorax on each side of the heart and are protected by 
prevents food from entering the lungs during swallowing. The membranes called pleurae. 
larynx, or voice-box. The trachea (wind-pipe), which is Examine and identify the respiratory organs in a general 
strengthened by rings of cartilage. This branches into two dissection. (For experiments on the respiratory mechanism, 
bronchi (tubes which open into finer tubes in the lung tissue). see 21.1.) 


The lungs are spongy structures, containing many small air 
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jugular carotid 
subclavian 


subclavian 


systemic 


pulmonary DIAGRAM TO SHOW 
left lung SECTION OF ARTERY 


left auricle 
a; heart 
left ventricle © 


dorsal aorta 


anterior vena cava 


right auricle 


right ventricle 


posterior vena cava 


liver 

hepatic DIAGRAM TO SHOW 
anterior mesenteric SECTION OF VEIN 

hepatic portal 

intestine ` À renal 

renal al ny Sf MEE kidney 


posterior mesenteric 


DIAGRAM TO SHOW rectum 
THE BASIC PLAN OF flac 
MAMMALIAN ARTERIES DIAGRAM TO SHOW 
AND VEINS (VENTRAL VIEW) CAPILLARY NETWORK 
This is a closed circuit of vessels, in which blood is circulated Capillaries are the connecting links between the arteries and 
by the heart, and is the main transport system of the body. veins occurring in the body tissues. They consist of fine tubes, 
Arteries are thick-walled muscular vessels, in which blood often only wide enough to allow the passage of a thin stream 
moves away from the heart. of blood corpuscles. (See page 51.) 
Veins are thin-walled vessels, in which blood travels to the 
heart. 
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left anterior 


right anterior vena cava vena cava 
systemic aorta 
pulmonary aorta 
right auricle ee 
left auricle 


right ventricle 


left ventricle 


posterior vena cava 


RAT HEART (VENTRAL VIEW) 


RIGHT LEFT 


internal carotid 
external carotid 


common carotid 
subclavian 
innominate. 
systemic aorta 


pulmonary 


costals 
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RAT, MAIN ARTERIES 
(VENTRAL VIEW) 


right anterior 
vena cava 


systemic aorta 


pulmonary aorta 


right auricle 


right pulmonary vein 
right ventricle 
left ventricle 


posterior vena cava 


RAT HEART (DORSAL VIEW) 


RIGHT LEFT 


external jugular 
internal jugular 
subclavian 


anterior vena cava 


pulmonary 


azygos 


posterior vena cava 


costals 


iliac 


RAT, MAIN VEINS 
(VENTRAL VIEW) 


The Heart 


The rat’s heart lies in the ventral part of the thorax, slightly 
to the left of the mid-line, and between the two lungs. It is 
surrounded by a thin membrane called the pericardium. At the 
anterior end there are two auricles, each one a thin-walled 
compartment. At the posterior end there are two thick, 
muscular ventricles. Blood returning from the lungs enters the 
left auricle, and passes through into the left ventricle. Between 
the auricle and the ventricle there is a valve made from two 
flaps of skin. This called the mitral valve, and it prevents the 
blood from passing back into the auricle when the ventricle 
contracts. The /eft ventricle pumps blood into the main 
arteries of the body. 


Blood returning from the body enters the right auricle, 
and passes through to the right ventricle. The opening between 
the two is protected by a valve made from three flaps of skin 
called the tricuspid valve. 

During your general dissection examine the heart of a rat 
with a hand lens. Try to trace the path of the arteries and veins 
connected to it. In order to see the structure more clearly, 
dissect off the pericardium surrounding the heart. 

Dissect a sheep’s heart by making a slit through the ventral 
surface of the left and right ventricle, continuing your cut into 
the respective auricles, Study the internal structure, and note 
the arrangements of the valves, whose flaps are held in position 
by tendinous chords stretching from them into the ventricles. 


The Arterial System 


Identify the main arteries in your general dissection of the 
rat. The diagram on the opposite page (page 48) shows the 
position of the most important ones. Trace the path of 
the arteries systematically: 


Carotid Arteries — serving the head and neck regions. 

Subclavian Arteries - serving the fore limbs. 

Systemic Aorta - the main artery in the thorax and abdomen. 

Costal Arteries — serving the region of the ribs. 

Coeliac and Mesenteric Arteries — serving the digestive system. 

Renal Arteries — serving the kidneys. 

Gonadial Arteries — serving the reproductive organs. (Note the 
different arrangement in male and female rats.) 

Iliac Arteries - serving the region of the tail and hind limbs. 

Pulmonary Artery — taking blood from the right ventricle to 
the lungs. 


The Venous System 


Identify the main veins in your general dissection. 

Jugular Veins — in the region of the neck. 

Subclavian Veins — in the region of the fore-limbs. 

Anterior Venae Cavae and Posterior Vena Cava — which enter 
the heart by the right auricle. 

Pulmonary Vein — entering the heart by the left auricle. 

Azygos and Costal Veins — in the region of the thorax. 

Hepatic Portal Veins — taking blood from the digestive system 
to the liver. 

Hepatic Vein — taking blood from the liver to the Posterior 
Vena Cava. 

Renal Veins — in the region of the kidneys. 

Gonadial Veins — in the region of the reproductive organs. 

Lumbar Veins — in the lumbar region of the abdomen. 

Iliac Veins — in the region of the hind limbs and tail. 


Excretion 


DIAGRAM TO SHOW ARRANGEMENT OF 
EXCRETORY ORGANS (VENTRAL VIEW) 


There are two kidneys in the dorsal region of the abdomen, 
the right slightly anterior to the left. Excretory substances 
filtered out of the renal blood supply, pass along ureters as 
urine, to be stored in the bladder. The urine then passes 
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dorsal aorta 


adrenal gland 
posterior vena cava 


left kidney 


renal artery 
renal vein 


left ureter 


bladder 


urethra 


through a tube called the urethra, opening at the tip of the 
penis in the male, and near the vulva in the female. (See page 
50.) Identify these organs in your general dissection. 


spermatic cord 


coagulating gland 


vesicula seminalis 


caput epididymis 


testis 
vas deferens 
cauda epididymis 


scrotal sac 
preputial gland 


RAT, MALE REPRODUCTIVE SYSTEM 
(VENTRAL VIEW) 


Rat, male reproductive system There are two testes inside 
a sheath of protective skin called the scrotal sac. Each testis has 
a caput epididymis and cauda epididymis on each side of it. 
Sperms produced in the testes are stored in the epididymes. 
The sperms reach the penis from each testis by passing along a 
duct called the vas deferens. Near the bladder there is a pair of 
Prominent vesiculae seminales and coagulating glands, whose 
function is to produce a fluid which helps to keep the sperms 
alive. The spermatic cord contains the arteries and veins 
supplying the reproductive organs. 

Identify the main organs in a general dissection of a male 
rat, 


ovarian vein 


posterior vena cava ——| 


ovary 


uterine vein 
uterus 


vagina 
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RAT, FEMALE REPRODUCTIVE SYSTEM 
(VENTRAL VIEW) 


Rat, female reproductive system The ovaries are small 
spherical bodies, about 3 mm. in diameter, usually surrounded 
by fat, and in the region of the kidneys. Each ovary is con- 
nected to the vagina by means of a duct called the uterus. In a 
young female, each uterus is about 2 mm. in diameter, but if the 
female is carrying embryos, these can be seen as swellings 
inside a greatly extended uterus. The arteries and veins 
supplying each uterus are prominent, and complete a circuit 
from the middle to the posterior part of the abdomen. 

Identify the main organs in a general dissection of a female 
rat. 


| cm. in length 


EMBRYO, WITH MEMBRANES AND PLACENTA 


The embryo This is the stage in development from the time 
an egg is fertilized until the young rat is born. The process 
takes about 22 days and is called the gestation period. During 
the dissection of the female rat embryos may be found in the 
uteri, Often as many as ten may be found. The diagram above 
shows a typical embryo after it has been removed from the 
uterus. It is surrounded by a protective membrane called the 
amnion, which encloses it in a fluid-filled cavity called the 
amniotic cavity. From the ventral region of the embryo's 
abdomen, the umbilical cord emerges. This contains arteries 
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and veins belonging to the embryonic blood system and 
terminates in a button-shaped organ called the placenta. The 
Placenta is attached to the wall of the mother’s uterus and 
Serves to supply the embryo with food and oxygen obtained 
from the mother’s blood system. The embryo returns excretory 
substances and carbon dioxide via the placenta to the mother's 
blood. There is no direct contact between the blood systems of 
i Patag and the mother. 

tify the main structures in a embryo ex- 
amining it with a hand lens, en 


13.6 MAMMAL-MICROSCOPIC STRUCTURE 


13.6.1 Cells 


These are microscopic units from which living things are 
made. 


cell membrane 
cytoplasm 
nucleus 


protoplasm 


HUMAN CHEEK CELLS 60p 


Human cheek cells 


These are typical animal cells. They are made from proto- 
plasm, a clear jelly-like material which is alive, and carries out 
all the living functions within its substance. The cell is bounded 
by a cell membrane, which separates it from its environment 
and encloses the other main parts—the cytoplasm and nucleus. 
The cytoplasm contains a number of granules, and towards 
the centre of it there is the nucleus, which is mainly responsible 
for the rate of reproduction of the cell. 


Method of examination Take a clean spatula and scrape a 
little saliva from the inside of the cheek, placing the fluid on a 
slide. Cover with a coverslip, taking care to avoid the forma- 
tion of air bubbles. Examine under high power, cutting the 
light down as much as possible. Draw a little weak iodine 
solution under the coverslip with a piece of blotting paper; it 
will make it easier to observe the cells, which are very trans- 
parent. 


13.6.2 Tissues 

These are groups of similar cells, joined together to perform 
a particular function. 
EPITHELIAL TISSUES 

These are layers of cells which cover the surface of the body 
or line spaces within it. 


Cubical epithelium 
Cells from the lining of a gland. Examine a prepared slide. 


Opry nucleus 


2 
On 


Squamous epithelium 


Inside the human cheek, the cells described above fit 
together rather like paving stones, to form a continuous 
tissue lining the inside of the cheek. 


Columnar epithelium 
Cells from the lining of the stomach (rabbit). Examine a 
prepared slide. 


nucleus 


CONNECTIVE TISSUES f 
These are groups of cells dispersed in a non-cellular matrix. 


MONOCYTE 
(with large nucleus) 


POLYMORPHO - NUCLEOCYTE 
(fragmented nucleus) 


Human blood 
There is a fluid matrix or plasma, containing numerous cells. 


Red corpuscles 

Cells containing the respiratory pigment, haemoglobin. They 
have no nuclei, and in its place there is a depression in the 
centre of the cell. A healthy individual has some 5,000,000 per 
cu. mm. 


White corpuscles 
There are many types, identifiable by the appearance of 
their nuclei and the granular structure of the cytoplasm, 


Method of examination Make a smear of human blood. 
(See 21.1 and 2.7.) Examine a prepared slide of mammalian 
blood, and compare it with frog's blood. (See page 36.) 


Hyaline cartilage 

This is the clear gristle at the ends of bones. (See page 40.) 
The matrix is transparent and contains many small cavities 
inside which are the cartilage cells. These are either single or, 


bone hyaline cartilage 


SECTION AS SEEN UNDER 
LOW POWER 


se] cartilage cells 


if they have recently reproduced, may be in groups of two or 
four. As they separate, they secrete new matrix around them- 
selves. 

Examine a prepared slide. 


lining of cavity 


nucleus 


matrix 


CARTILAGE CELLS AS SEEN 
UNDER HIGH POWER 


Bone 

The microscopic structure of bone consists of concentric 
haversian systems of bone cells surrounding a central blood 
vessel. The bone cells are located in /acunae and they secrete 
the matrix of calcium salts. (See page 40.) Small cangliculi 


periosteum 


N 


A l 
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radiate on each side of each lacuna. The blood vessels are 
connected with the main blood system of the body, by 
capillaries passing through the periosteum surrounding the 
bone tissue. 

Examine a prepared slide. 


canaliculi 


lacuna 


blood vessel 
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BONE 


HAVERSIAN SYSTEM 


BONE CELL 


NERVOUS TISSUE 

The cells of this tissue are responsible for conducting 
impulses from the sense organs to the muscular tissues of the 
body. A nerve cell (neuron) consists of a cell body containing 
the nucleus, and from it a long process emerges which carries 
the impulse, 

Nerve cells àre grouped together into nerves; tissues easily 


epineurium 
blood vessel 
perineurium 
neuron 


visible in dissections. A nerve consists of a sheath (epineurium) 
enclosing the nerve cells, which are gathered into distinct 
bundles, each surrounded by a perineurium. 

Examine prepared slides of nervous tissue in which the 
neuronsshave been teased apart. Examine a transverse section 
of a nerve process, as seen for example in a section through a 
spinal cord. 


neurilemma 
@i medullary sheath 
axis cylinder 
cell body process 
Sp of neuron 
SECTION OF NEURON Es 
see 
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DIAGRAM TO SHOW STRUCTURE OF A NERVE =e 


pann NERVE TISSUE 


MUSCULAR TISSUES 
These consist of elongated cells, able to change in length 
and so cause movement of the whole body. 


epimysium nucleus 
perimysium striations sarcolemma 
[cerca 
mre 
eget É ps p 


STRIPED 


DIAGRAM OF A STRIPED MUSCLE MUSCLE FIBRE 


nucleus sarcoplasm 


200 p 


UNSTRIPED 
MUSCLE FIBRE 


DIAGRAM OF UNSTRIPED MUSCLES 


Striped muscle 

This consists of bundles of muscles cells surrounded by a 
connective tissue—the perimysium. Several groups of cells are 
in turn surrounded by an epimysium, to form a complete 
muscle. Muscles are attached to skeletal bones by tendons 
and are reponsible for the movement of the animal. Within 
the muscle tissue, capillaries and nerves occur. Each striped 
muscle cell or fibre is surrounded by a sheath—the sarco- 
lemma, and includes a number of nuclei, a condition termed a 
syncytium. Numerous striations cross the sarcoplasm trans- 
versely, a characteristic feature of striped muscle fibres. 
Striped muscles are controlled voluntarily from the Central 
Nervous System. 

Examine a prepared slide. 


Unstriped muscle 

This consists of sheets of fibres, each one being a cell con- 
taining a single nucleus; there are no cross striations. Un- 
striped muscles are not controlled voluntarily and are served 
by the nerves of the Autonomic Nervous System. 

Examine a prepared slide. 


13.6.3 Organs 
These are complete structures, consisting of a number of 
tissues associated for a particular function in the body. 


The skin 

This covers the outer surface of the body. It is waterproof; 
controls the body temperature by means of hair and fat as 
insulating devices preventing heat loss in cold surroundings. 
In warm conditions, excess heat is lost by the evaporation of 
sweat from sweat glands (not present in all mammals), which 
also excrete water containing excretory materials in solution. 
Nerves running in the deeper tissues of the skin are connected 
to surface sense organs detecting touch, temperature and pain. 

Examine a prepared slide. 


DIAGRAM OF SKIN 


sense cell 


cornified layer 


epitetmis iiral layer, 


sweat pars 


erector 
muscle 


follicle 


SECTION OF MAMMALIAN SKIN 


The spinal cord 

A transverse section shows the meninges, protective mem- 
branes covering the nervous tissue. The grey matter contains 
nerve cell bodies, whose processes are connected to neurons 
passing out in the ventral roots to the muscles. Neurons in the 
dorsal roots bring impulses in the spinal cord from the sense 
organs. White matter consists of neurons running longitudi- 
nally in the cord, to and from the brain. 

Examine a prepared slide. 


DIAGRAM OF SPINAL CORD 


dorsal root 


ventral root 


autonomic nerve 


dura mater 
arachnoid layer } meninges 
pia mater 


grey matter 


central canal 


white matter 
DZ ventral 
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TRANSVERSE SECTION OF SPINAL CORD 


= nerve layer | 
SSS — rods and cones paren 
H choroia 


sclerotic Examine a prepared slide of a section. There are three 
main tissues. The retina—containing rods and cones sensitive 
to light, and neurons from the optic nerve. The choroid— 
containing blood vessels and pigmented cells. The sclerotic—a 


SECTION OF EYE thick fibrous tissue protecting the inner structures of the eye. 
The ear eS Pe 
aa bone tissue 


scala vestibuli Reissner’s membrane 


-scala media tectorial membrane 


organ of corti 
basilar membrane 


DIAGRAM OF COCHLEA SECTION OF COCHLEA 

Examine a prepared slide of a transverse section through the tion of sound waves. On each side of it is the scala vestibuli 
cochlea. In the centre of the scala media is a cavity containing and the scala tympani containing perilymph. 
endolymph, and the organ of Corti responsible for the detec- 

The stomach 


columnar epithelium 
glandular tissue 


muscularis mucosae 


glandular tissue iyo 05 Pe X 
muscularis mucosae e, f AS 8 GIE submucosa 
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f Z == circular muscle 
muscular coat ae Nee, lana longitudinal muscle 
SECTION THROUGH PART SECTION THROUGH PART putar membrane 
OF STOMACH OF STOMACH WALL 


Examine a prepared slide of a transverse section through a responsible for the secretion of gastric juice. The surface of the 


piece of stomach tissue. The cavity of the stomach is lined by stomach is i i i 
ch tis t covered with a thick layer of unstriped muscular 
columnar epithelium, together with glandular tissue tissue, É 2 


The intestine 


villus 

lymph space 
connective tissue 
"=— circular muscle 


villus 


blood vessel 


SECTION THROUGH 


longitudinal muscle 
INTESTINE 


SECTION OF INTESTINAL i outer membrane 


WALL 


Examine a prepared slide of a section through a piece of I i ine i i 

j à pared s lymph space, The int 
intestine. The cavity is lined by epithelial tissue, thrown into uis muscular oo —ec. E gw of 
folds—the villi. Each villus contains blood vessels and a i 
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The kidney 


Malpighian capsule 


renal vein 
renal artery—<4 


pelvis ai Rye 


ureter 
fibrous coat 


SECTION THROUGH 
CORTEX AND MEDULLA 


DIAGRAM OF SECTION 
THROUGH KIDNEY 


This consists of an outer cortex and an inner medulla. 
Blood is conveyed from the renal artery into the tissue of the 
cortex, where excretory products are filtered out of it by the 
malpighian capsules. The urine travels from the capsule 
through tubules which connect together from other capsules 


cortex (contains Malpighian capsules) 


glomerulus 
Bowman's capsule 
(in section) 


from to renal vein 


renal artery 
network 

of capillaries 
tubule 


DIAGRAM OF MALPIGHIAN CAPSULE 


in the cortex, and then through the medulla. The urine finally 
leaves the kidney via its pelvis, entering the ureter. The 
filtered and purified blood leaves the kidney tissue in the renal 
vein. 

Examine a prepared slide. 


The testis 


mesentery 
connective tissue 
germinal epithelium 


SECTION OF OVARY SECTION OF FOLLICLE 


This is an oval body and consists of a solid mass of con- 
nective tissue surrounded by a germinal epithelium. Ova 
develop in spherical cavities—the follicles. Each ovum 
receives nutriment from a lining of follicle cells during its 
development. When ripe, the ovum escapes from the follicle, 
which persists for some time afterwards as a corpus luteum. 
Examine a prepared slide. 


seminiferous 
tubules 


SECTION OF TESTIS 


SECTION OF SEMINIFEROUS 
TUBULE 


germinal epithelium 


sperm cells 
cavity of seminiferous tubule 


This is an oval body, containing a mass of small seminiferous 


tubules inside which the sperms are formed. The lining of the 
tubule is a germinal epithelium producing sperm cells, from 
which sperms are formed towards the centre of the tubule. 


Examine a prepared slide. 


II BOTANY 


The Plant Kingdom consists of two main groups. 

Non-vascular plants These are simple plants, without any 
form of conducting tissues. 

(i) Bacteria and Fungi are plants without chlorophyll 
which obtain their food either parasitically or saprophytically. 

(ii) Algae are simple plants containing chlorophyll. 
Some are unicellular (e.g. Pleurococcus spp.); others are 
multicellular either in the form of cylindrical filaments (e.g. 
Spirogyra spp.) or a ribbon-shaped THALLUs (e.g. many Sea- 
weeds). 


Vascular plants Plants containing conducting tissues 
carrying fluids within their leaves, stems and roots. The 
majority of these plants contain chlorophyll, and live on land. 
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CONIFEROPHYTA conifers 


female cone 
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sporophyte 


(i) BRYOPHYTA (Mosses). PTEROPHYTA (Ferns). These 
plants have a life cycle in which a GAMETOPHYTE generation 
inhabiting damp places alternates with a SPOROPHYTE 
generation living in drier conditions. 

(ii) SEED-BEARING PLANTS 

CONIFEROPHYTA. Coniferous Plants. 
ANTHOPHYTA. Flowering Plants. 

In these plants, water is not necessary in the environment 
when fertilization takes place. Seeds are produced which can 
lie dormant until environmental conditions are suitable for 
their germination. 

In the classification of the Plant Kingdom, the term Division 
is most frequently used, and is synonymous with the term 
Phylum used in the classification of the Animal Kingdom. 


phycomycota ascomycota basidiomycota 


zZygospore 


PTEROPHYTA ferns 


sporophyte 


sporophyte 


14 Non-vascular Plants 


Plants without water-conducting vessels. 


14.1 CHLOROPHYTA 
Green algae, 
Unicellular; or multicellular in the form of threads. 


14.1.1 Pleurococcus spp. 


Co Gd) 
GROUP OF 4 PLANTS | PLANT DIVIDING 
5p 
cell wall 
chlorophyll 
nucleus 


E 
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It occurs as a fine green powder on tree trunks and fences. 
It is unicellular, each cell surrounded by a spherical cell wall, 
and containing a nucleus and chloroplast. It reproduces by 
binary fission and recently divided cells can often be seen in 
groups. 

Examine, by placing a little of the powder in a drop of water 
on a slide, and squash under a coverslip. 


| PLANT 
(to show structure) 


simple plants containing chloroplasts. 


14.1.2 Euglena spp. 


pellicle 
contractile vacuole 


nucleus chloroplasts 


A unicellular organism, which moves rapidly by means of a 
flagellum, a structure which draws it through water by a 
screw-like action. There is a nucleus and chloroplast, and it is 
positively phototactic, moving towards bright light. It 
reproduces by binary fission, splitting along its length. 

Examine by placing a drop of culture on a slide, and 
covering with a coverslip. Examine under low and high power. 
Inashort time many specimens will slow up, making examina- 
tion easier. 


14.1.3 Spirogyra spp. 


nucleus 


strand of cytoplasm 
DIAGRAM OF | CELL (to show structure) 


Habitat and structure A fresh-water alga consisting of thin 
cylindrical filaments, made from cells placed end to end. Each 
has a cellulose cell wall lined with cytoplasm. A central vacuole 
has a nucleus in it, supported by strands of cytoplasm reaching 
out to the margin. A spiral-shaped chloroplast in the rind of 
cytoplasm contains red pyrenoids round which starch is 
stored. 


Oa) 
fit cae 


conjugation 
tube 


4 STAGES IN SEXUAL REPRODUCTION 


Reproduction It reproduces vegetatively; single cells break 
off, growing into new filaments. Sexual reproduction occurs 
when the cell substances of adjacent cells in two parallel 
filaments pass through conjugation tubes and fuse. This is 
conjugation, producing a resting spore—the zygospore. 


Method of examination Examine fresh filaments in a drop 
of water on a slide. (See Photosynthesis experiments 20.2.2; 
also 23.3.2.) Examine prepared slides showing conjugation. 


14.2 PHAEOPHYTA 


Brown Algae, marine seaweeds. 
14.2.1 Common Wrack (Fucus serratus) 


conceptacles 


conceptacles 


medulla 


THALLUS 


conceptacles 


THALLUS 


thallus 


holdfast- 


holdfast 


WHOLE PLANT 


A common seaweed found near the low tide mark. The flat 
thallus is attached to a rock by a holdfast organ. Growth takes 
place from an apical cell, forming two branches of equal size 
either side of it. The reproductive organs occur at the tip of 
the thallus; male conceptacles produce antheridia which form 
antherozoids. Female conceptacles are on a different plant, and 
have oogonia in which ova develop. Fertilization takes place 
in the sea, ripe gametes (ova and antherozoids) are shed into it 


cortex 


DIAGRAM OF T.S. MALE 


DIAGRAM OF T.S. FEMALE 


YOUNG PLANT 


| mm. 


T.S. MALE CONCEPTACLE 


FERTILISED OVUM 


on the incoming tide. A ripe egg becomes attached to a rock 
and grows into a new plant, 

Examine fresh seaweed. Squeeze some of the slime from 
conceptacles on to a slide, and look for gametes (see 23.3.3). 
Examine prepared slides of transverse sections through the 
region of the reproductive organs, Extract jelly from seaweed 
by boiling a thallus in water and filter through a small mesh 
sieve. (See 22.2.2.) 


14.2.2 Other Algae (Marine forms) 
Phaeophyta. Brown Algae 


Knotted Wrack 
(Ascophyllum nodosum) 


Carrageen 


Rhodophyta. Red Algae 


(Chondrus crispus) 


Chlorophyta. Green Algae 


Coralline 


(Corallina officianalis) Enteromorpha spp 


14.3 SCHIZOMYCOTA 


Bacteria; microscopic organisms which obtain their food 
saprophytically and parasitically. 


lik f= 


BACILLI (rod shaped) 


Habitat and structure Bacteria are minute organisms less 
than 8 y in length. They have a firm membrane surrounding 
protoplasm, but no obvious nucleus, They are parasites or 


needle 


|. STERILISED PETRI DISH 
CONTAINING AGAR 


2. ADDING A SPECK OF 
SOIL WITH A STERILISED 
NEEDLE 


Method of-examination Sterilize a number of clean petri 
dishes by heating in an oven at 120°C for an hour. Prepare 
some agar jelly by adding 3 gm. agar to 100 ml. water, to 
which a little boiled potato has been added. Boil over a water 
bath. If necessary, the boiling agar jelly can be filtered by 
passing it through a warm filter funnel containing a little 
cotton-wool. Boil again after filtering, and then pour into 
petri dishes so that the bottom is just covered. Allow the 
dishes to cool to room temperature. Then expose different 


cotton wool plug 
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COCCI (spherical) 


\\ ; 
SPIRILLA (spiral) 


saprophytes, reproducing rapidly by binary fission in suitable 
food material. When there is none available, bacteria form 
spores which survive for long periods. 


bacterial colonies 


3. CLOSED PETRI DISH LEFT 
FOR 48 HOURS 


4. BACTERIAL COLONIES 
DEVELOPING 


dishes for a few seconds by coughing, adding dust, soil, etc. 
Leave in a warm room for 48 hours. Bacterial cultures which 
develop on the agar will be visible as small clear blotches. 
Remove a small quantity with a needle and place on a slide in a 
drop of water. Examine under low and high power, using a 
minimum amount of light. 

Examine bacteria from fresh sources, i.e. water in which 
flies, beans, hay, etc., have been allowed to decay. Many 
motile forms, especially spirilla, may be seen in this way. 


Experiments on control of bacteria 

(a) Disinfectants Prepare potato agar as described above. 
Sterilize several boiling tubes and in each put 1 ml. and 4 ml. 
of various antiseptics and disinfectants. Pour hot freshly 
prepared agar jelly into the tubes, plug with cotton-wool 
which has been briefly passed through a flame to sterilize it, 
and allow each tube to cool in a slanting position. Transfer 
bacterial cultures into these tubes using a sterilized needle. 
After removing the cotton-wool, flame it once again before 
using it to plug the tube. Record the effectiveness of different 
disinfectants in varying strengths in preventing the develop- 
ment of bacteria. 

(b) Antibiotics Obtain commercial preparations of anti- 
biotics, and test their effectiveness in controlling bacterial 
cultures growing in petri dishes. 


144 PHYCOMYCOTA 


Fungi; plants without chlorophyll which obtain their food 
saprophytically or parasitically. 


14.4.1 The Pin Mould (Mucor hiemalis) 


Habitat It grows on moist organic matter, and will grow 
on a piece of moist bread kept under a bell jar for a few days. 


Structure The fungus consists of minute branching tubular 
hyphae interwoven into a mesh—the mycelium. The tips of the 
hyphae penetrate the bread and convert it into soluble 
substances which can be absorbed by the fungus. 
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Asexual reproduction Sporangiophores grow vertically 
upwards from the mycelium, developing black dots at their 
tips. These are sporangia, inside which many multinucleate 
spores develop. The sporangia burst when ripe, setting free 
light spores which are dispersed by the wind. 
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Sexual reproduction An outgrowth appears from each of 
two adjacent hyphae, they join at their tips, swell and separate 
from the rest of the hyphae by septa, Several nuclei are trapped 
in each swelling—the gametangium. Shortly afterwards the 
wall between each gametangium dissolves and the nuclei then 
fuse in pairs. A thick outer wall forms and a large warty 
zygospore develops. This can remain dormant for several 
months. Under favourable conditions it germinates to produce 
one sporangium containing uninucleate spores. These are 
liberated and each one germinates, if it falls on suitable food, 
to form a new mycelium, 

Method of examination Pick a small piece of mycelium 
together with sporangia from a piece of bread and place it on 
a slide in a drop of water. Cover with a coverslip and examine 
under low and high power. 
> oe a prepared slide showing zygospores and game- 
angia. 


14.4.2 Saprolegnia spp. 


This fungus is often responsible for disease in fresh-water sporangium 
fish. Its hyphae may be found on the gills; also on the bodies of Åren 
dead flies. Examine a piece of mycelium in a drop of water on a 
slide. Zoospores can often be seen moving inside the sporangia. 

(See 23.3.1.) 
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14.5 ASCOMYCOTA 14.5.2 Strawberry Fungus (Nectria cinnabarina) 


Parasitic and saprophytic fungi, with septate hyphae, often 
found on wood. 


14.5.1 Yeast (Saccharomyces spp.) 
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YEAST CELLS 
In nature this fungus occurs on the skins of fruits, but owing This is commonly found on twigs and fences, inside which 
to its importance in fermentation (see 21.2) it is cultivated for its hyphae may be found. The fruiting bodies are bright red in 
brewing and bread-making. It consists of minute cells which colour. Pick a small portion of fruiting body off a twig and 
reproduce rapidly by budding. Examine a few cells on a slide, tease it on a slide. Mount in a drop of water and examine 
mounted in a drop of dilute sugar solution. under low and high power. The fruiting body contains asci, 


flask-shaped structures each of which contains 8 ascospores. 


14.6 BASIDIOMYCOTA 


Parasitic and saprophytic fungi, with large, often brightly 
coloured, fruiting bodies. 


14.6.1 The Mushroom (Psalliota campestris) 
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the nd, where it obtains Place a mushroom pileus on a piece of white paper and leave 
iw phn rhymes rena poe When mature, the it overnight. Spores ejected from the gill will be seen as a spore 
fruiting body develops rapidly, and in a few hours it appears print on the paper. Examine prepared slides of transverse 
above the soil. When fully grown it consists of a pileus under sections through the gills. Examine a piece of mycelium on a 
which there are many radial gills, each producing thousands microscope slide; its hyphae are divided by septa into 
of spores. The whole structure is made from tightly packed binucleate cells. 


hyphae. 
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which is parasitic upon it. 


15.1 The Common Moss (Funaria hygrometrica) 


antheridium (male) 


stem 


antherozoids 


rhizoids Ui | 


GAMETOPHYTE archegonium 
(female) 


Simple green plants living in damp habitats. Reproduction occurs 
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Habitat The fertilized zygote then develops as a parasite on the 
It grows in tufts between bricks, stones, etc., and on damp parent gametophyte and sends up a stalk on whose tip a spore i 
soil. capsule develops. This sporophyte remains attached to the 


Structure and nutrition a cap covering it drops off, and reveals a lid. This in turn 


The gametophyte has a central stem, from which whorls of splits away, and below it lie several radially arr: anged teeth. 
minute leaves emerge. They contain chlorophyll and make These move slightly as the humidity of the air varies, with the 
food by photosynthesis. Rhizoids anchor the plant to the soil. result that spores from the capsule are flicked out. 
Reproduction A spore germinates to produce a mass of green threads, 


from which a ; 

The male organs are antheridia, club-shaped structures Se nee 
borne at the apex of a branch, protected by the terminal Method of examination 
leaves and sterile hairs. Inside them antherozoids are produced Examine growing plants with a hand lens and on a slide 
(motile male gametes). When ripe they swim through the under the low power of the microscope. Distinguish between 
damp film of water covering the plant to the female organs, the gametophyte and sporophyte. Examine a ripe spore 
archegonia, similarly placed on the tip of another branch. capsule and, if the teeth can be seen, breathe on them gently 
An ovum develops at the base of each archegonium, The and observe their movements as the humidity of the air is 
antherozoids are attracted chemically to the neck of the changed by the breath. 
archegonium, and fertilization takes place when one swims Examine prepared slides of male and female reproductive 
down the canal and fuses with the ovum. organs and a vertical section through the capsule, 


gametophyte by a parasitic foot. When the capsule is ripe, 
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1 6 Pterophyta Vascular plants, in which the sporophyte is well developed but 
the gametophyte is a simple prothallus. 


16.1 The Male Fern (Dryopteris filix-mas) 
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Habitat ANTHERIDIUM (gametophyte) 
In shady places in damp, slightly acid soil. rhizoids from its lower surface. Also on the lower surface the 
Structure reproductive organs develop; the males are simple antheridia 


inside which antherozoids are producéd. The females are flask- 
shaped archegonia. Fertilization takes place when antherozoids 
emerge from the antheridia and swim to the ovum inside each 
archegonium. The fertilized zygote starts its life as a parasite 
on the gametophyte, but when it emerges above the soil it 
becomes photosynthetic, and develops into an independent 


The sporophyte has a thick cylindrical underground 
rhizome, with a woody vascular strand in the centre of it. 
The tip of the rhizome is tilted towards the surface of the soil 
and from it the aerial leaves arise. The rest of the rhizome is 
covered with leaf bases, the remains of earlier leaves. Numerous 
roots occur on the lower surface anchoring it to the soil and 


absorbing water from it. The aerial leaves have a central sporophyte. 

stalk from which lateral leaflets, the pinnae, igs pe Method of examination 

able numbers. They are toothed structures su ivided into 1. Examine a fully grown sporophyte, record the structure 

pinnules continuing chlorophyll. The plant makes its food by of the rhizome, its ies and eb cig 

photosynthesis, 2. Mount a piece of pinna dry on a slide, and observe the 

Reproduction structure of the indusium and sporangia with the low power. 
Underneath the fully formed pinnae, brown kidney-shaped 3. With a pair of needles, tease off a few sporangia on to a 

sori occur. These consist of an indusium, an umbrella-shaped slide, mount in a drop of water and cover with a coverslip. 

structure inside which are numerous sporangia radiating from Examine their structure, and the spores under low and high 


a placenta. They are pear-shaped bodies with a prominent line power. 
of cells, the annulus, running round the circumference. When 4. Examine prepared slides of a transverse section through a 


the sporangium is ripe it splits open and, by a sudden move- sorus, showing indusium and sporangia. 
ment of the annulus cells, the spores are shot out. 4 5. Mount a gametophyte in a drop of water on a slide and 
The spores are carried by the wind, and if they alight on cover with a coverslip. Examine its structure, and try to 
damp soil, they germinate to produce a small heart-shaped observe motile antherozoids. (See 23.3.3.) 
prothallus about 1 cm. across. This is attached to the soil by 6. Examine a prepared slide of a gametophyte. 
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17 Seed-bearing Plants 
17.1 CONIFEROPHYTA 


17.1.1 


The Pine (Pinus sylvestris) 


young leaves 


SEEDLING 


Habitat 


Its natural habitat is sandy soil or poor soils in mountainous 
districts. 


Structure 


A tree, which is fully grown in about 100 years. There is a 
straight trunk, from which the branches arise horizontally. 
The bark is thin and often exudes resin, a substance which 
protects the tree against the entrance of fungi. The wood is 
soft in texture and contains prominent medullary rays in which 
food is stored. The xylem is mostly made up of fibres and 
tracheides, the latter having bordered pits. The leaves are 
needle shaped, arranged in pairs and borne on short spurs 
emerging from the branches. They have a waxy epidermis, and 
the stomata are sunk in pits to prevent excessive water loss. 
The root system often has a prominent tap-root. 


Reproduction 

A mature tree produces male cones in clusters near the tips 
of its branches, These cones contain pollen sacs, inside which 
pollen grains are produced which ripen in early May. Each 
pollen grain has a pair of wings and is easily carried by the 
wind to the female cones. These are small green structures 
occurring singly near the tips of the branches, and they take 
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Arborescent plants, whose reproductive organs develop inside 
cones. 
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one year to mature. Pollen grains alighting between the scales 
of one-year-old cones are protected between the scales, and 
fertilization of the ova takes place one year later, ie. in the 
second year of the female cone’s development. Two seeds 
develop at the base of each scale of the female cone, and they 
are ripe in the third year. A ripe cone is brown in colour 
and opens its scales on a dry day. The seeds, which are small, 
light and winged, are dispersed by the wind. They germinate 
in suitable surroundings and produce a small seedling with 
many cotyledons. During the first year the seedling grows little 
more than 12 cm. 


Method of examination 


1. Examine the terminal parts of branches, noting the 
Structure of the leaves, male cones and female cones at 
different stages of growth. 

2. Mount pollen grains obtained from male cones in a drop 
of water on a slide, and examine under low and high power. 

3. Examine seeds with a hand lens. 

4. Examine-a section of a small branch with a hand lens, 
noting the annual rings of growth, medullary rays, phloem and 
bark. 


5. Examine prepared slides of sections through a stem and 
` 


17.2 ANTHOPHYTA 


EA 

17.2.1 General Structure z 

Flowering plants typically have four main organs. (a) The 
flower concerned in reproduction. (b) The stem which supports 
the flowers and leaves and transports food and water. It some- 
times stores food in its tissues. (c) The leaves borne on petioles 
attached to the stem at regions called nodes. In the angle 
between the petiole and the stem a bud may be found, said to 
be axillary in position. (d) The root system anchors the plant 
in the soil, from which it absorbs moisture through a system 
of root hairs. Many plants store food in their roots. 

Examine a specimen of a buttercup and identify the main 
organs and their arrangement. 


The Root 
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BUTTERCUP ROOT 


There is a vertical tap-root from which numerous lateral 
roots emerge from the inner tissues, A transverse section 
through a root shows the arrangement of the tissues. From 
the outside inwards they are: 

Roor Hairs: a ring of cells on the outside of the root a few 
millimetres behind its tip. They absorb water from the soil. 
Exopermis: a layer of cells particularly well developed in 
regions away from the root hairs. They are waterproof. 
Cortex: large vacuolated cells which store starch, 
ENDopERMIS: a ring of cells surrounding the central vascular 

cylinder. a 
XYLEM: cells with woody walls arranged in the shape of a 

four-rayed star. They conduct water from the roots up to 

the stem. 
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Flowering plants, reproducing by means of seeds. 
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SEEN IN TRANSVERSE SECTION 


PHLOEM: thin-walled cells, tubular in shape. They conduct 
food solutions from the stem into the cortex for storage in 
the form of starch. 

At the root tip there is a cap of hard cells, which protect it 

as it grows through the soil. 


Method of examination 

Examine whole roots with a hand lens and observe lateral 
roots and root hairs. Mount thin sections of buttercup root 
on a slide and examine under low and high power. Mount 
one section in a drop of aniline sulphate which stains xylem 
cell walls yellow. Mount another section in a drop of dilute 
iodine to reveal the distribution of starch grains. 

Examine a prepared slide of a transverse section. 
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The Stem 
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UNDER HIGH POWER 


The distribution of the tissues from the outside of the stem 
inwards, is as follows: 


Epipermis: A single layer of cells, whose outside walls are 
covered with wax making the stem waterproof. Occasionally 
pores, the stomata, occur in it. 

Cortex: A rind of compact vacuolated cells. The outermost 
may contain chloroplasts, and they have cell walls thickened 
at the corners. The inner cortex cells have thin walls of even 
texture; this is parenchyma tissue. 

Pericycie: A single layer of cells, separating the cortex from 
the pith and vascular tissues. 

VASCULAR BUNDLES: These lie within the Pericycle and con- 
tain three types of tissue. 

(a) Phloem. Tissues in which food solutions travel up or 
down the stem in sieve tubes, so called because at intervals 
there are perforated plates placed transversely across them. 
Each sieve tube has a companion cell (with a prominent 
nucleus) lying alongside it, Some parenchyma tissue may 
also be observed among the sieve tubes. 

(b) Cambium. A thin layer of rectangular cells which 
remain active throughout the life of the stem, and form new 
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phloem tissues outwards, and new xylem tissues inwards, 
(c) Xylem. Cells, whose cellulose walls are thickened with 

lignin, giving them their woody character. There are three 
types: conducting cells in which water ascends the stem; 
fibres; xylem parenchyma. 

PitH: Large parenchymatous cells in the centre of the stem. In 
old stems they frequently dic, leaving the centre hollow. 

MEDULLARY RAYS: A region of tissue lying radially in position 
between the vascular bundles. 


Method of examination 

Examine a whole stem, and identify the nodes, internodes, 
axillary buds and petioles. Examine thin transverse sections; 
mount one in aniline sulphate which stains woody tissues 
yellow, and another in iodine to observe the distribution of 
starch grains. Examine a prepared slide of transverse and 
longitudinal sections, 

In drawing stems, make a simple plan of the arrangement of 
the tissues as seen under the low power. Then draw one or 
two cells from each of the main fegions as seen under the high 
power. Do not attempt to draw several cells of the same kind. 
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In shrubs and trees where growth continues from year to 
year, the stem increases in size by a process of secondary 
thickening. The cambium becomes active and forms a com- 
plete cylinder round the stem between the cortex and pith. It 
produces a secondary growth of xylem and, as it is more 
active in the spring than in autumn, this results in the pro- 
duction of spring wood—large cells with small deposits of 
lignin, and autumn wood—smaller cells with thick lignified 
walls, This gives the appearance of rings of annual growth. 
Running radially through the xylem are cellulose-walled 
cells of the medullary rays. In these food is stored, and they 
give lines of weakness in the xylem tissues. The phloem cells 
are pushed outwards by the cambium, and secondary phloem 
tissues are somewhat squashed and occupy less space than the 
xylem cells. < 

The epidermis is replaced by a layer of cork, produced by 


67 


secondary xylem (showing annual rings) 


primary medullary ray 
secondary medullary ray 


MY 
WT} 
mam HUE 


epidermis 


lenticel 


cork cambium 


60 p 


BARK UNDER 
HIGH POWER 


medullary ray, 


xylem cells of 
spring wood 


spirally thickened N A] $ 

xylem cells : j 
wood fibres Zale 4 

a FA xylem cells of 60 p 

NES È autumn wood 
——— 
60 p 
RADIAL TRANSVERSE SECTION 


LONGITUDINAL SECTION 


a cork cambium which develops in the outer regions of the 
cortex. The stomata are replaced by larger breathing pores— 
the /enticels. 

In very old trees, the central xylem cells cease to conduct 
water and become the darkly stained heart wood. The outer 
xylem which continues to conduct water is known as sap 


Method of examination 

Examine thin sections of three-year-old twigs of Lime 
(Tilia europea), mounted in aniline sulphate. In the phloem 
tissue there are alternate bands of sieve tubes and lignified 
fibres. Examine prepared slides of Transverse Sections, Radial 
Longitudinal, and Tangential Longitudinal Sections of woody 
stems. 


GRASS 
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VARIETIES IN FORM OF THE LEAF 


This is the main photosynthetic organ of the plant. It is 
connected to the stem by the petiole, inside which vascular 
bundles occur. The petiole continues as the mid-rib into the 
blade. The mid-rib divides into veins which branch into the 
tissues of the leaf. In broad-leaved plants (Dicotyledons), 
the veins form a closed network but in narrow-leaved plants 
(Monocotyledons) the veins are open at their ends. 

In transverse section the main tissues are: 

Uprer epipermis (Adaxial surface). Close-fitting rectangular 
cells, with a waxy cuticle covering the outer surface. 

Mesopuyit. (a) Palisade cells—column shaped and con- 
taining chloroplasts. (b) Spongy tissue—loose-fitting cells 
with air spaces between them. The vascular bundles (veins) 
run through the mesophyll, the xylem towards the adaxial 
surface, 

Lower EPIDERMIS (Abaxial surface). Close-fitting rectangular 
cells, with a waxy cuticle covering the outer surface. 
Stomata occur in it, each one being an opening surrounded 
by two sausage-shaped cells—the guard cells. 


OAK ff HORSE CHESTNUT 


cuticle 
upper epidermis 


chloroplasts 


-palisade 
tissue 


mesophyll 


spongy 
tissue 


air space 


lower epidermis 


SECTION OF LEAF 


guard cell 
chloroplasts 
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Method of examination 

1. Examine leaves from different plants, identify them, and 
record their shapes. 

2. Examine a transverse section of a Privet leaf mounted in 
a drop of water. Draw a low power diagram and, under the 
high power, a few cells. 

3. Examine the surface of leaves under the low power and 
study the arrangement of the stomata. 

4. Tear thin strips of epidermis from an Iris leaf, and 
examine its stomata in detail. (See 19.2.) 


The Flower 
The Buttercup (Ranunculus spp.) 
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FLORAL DIAGRAM OF A FLOWER 


The flower is borne on a short lateral stem—the pedicel, 
which arises in the bud stage within a protective leaf—the 
bract. Bracts are not visible in the fully developed flower. The 
part of the flower nearest the main axis is posterior, the part 
away from the axis is anterior, and the bract occupies this 
position. The floral parts are arranged in four concentric 
circles or whorls, from the receptacle, which is the swollen tip 
of the pedicel. Starting from the outside and working inwards 
they are: 

The calyx consisting of five green sepals. 

The corolla consisting of five petals alternating between the 
sepals. At the base of each petal there is a nectary. 

The androecium. There is an infinite number of stamens each 
consisting of a filament supporting an anther, inside which 
pollen grains develop. 

The gynaecium. An infinite number of carpels within the 
stamens. Each one consists of an ovary containing one ovule, 
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and a short style surmounted by a stigma placed above the 

ovary. 

The structure of the flower can be represented by a floral 
diagram showing the distribution in plan view of the four 
parts, and by a longitudinal slice through it. The accurate 
numbers of parts in each whorl are recorded by a floral 
formula, 


Method of examination 

1. From a fresh specimen remove a sepal, petal, stamen and 
carpel. Use a hand lens to examine, and draw each part. 
Mount a stamen on a slide in a drop of water and examine 
the anther and pollen grains under low and high power. 

2. Examine a carpel on a slide in a drop of water under the 
low power. 

3. Cut a longitudinal section through a whole flower with 
a sharp knife and record the arrangement of the parts. 

4. Make a floral diagram and record the floral formula, 


The Dandelion (Taraxacum officinale) 
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FLORAL FORMULA Kx. C(5). A(5). G0. 


This is a composite flower, in which numerous florets are 
borne on the capitulum, an enlarged receptacle. The capitulum 
is protected by an involucre of green bracts, Each floret has the 
usual four whorls of floral parts. The calyx has hair-like 
Processes which develop into the pappus of the fruit, The 
corolla has five petals joined together at the base, but opening 
Out at the top into a flattened /igule. Within the corolla tube 
are five stamens joined together by their anthers. The gynae- 
cium consists of two fused carpels containing one ovule. The 
style is a cylindrical structure which grows up through the 
stamenal tube opening into a two-sectioned stigma. 


Method of examination 


Examine the arrangement of the florets in the inflorescence 
with a hand lens. Remove one floret, place it on a white tile 
and examine it with a hand lens. Mount a floret dry on a slide 
and examine its structure under the low power. Record the 
floral diagram and formula. 
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The Sweet Pea (Lathyrus spp.) 
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FLORAL FORMULA K(5). C3 + (2). A(9) +I. G1. 


Two or 3 flowers are often found on 1 pedicel. The 
calyx has 5 sepals, fused by their bases. The corolla has 5 
petals—The ‘standard’, the posterior petal. The ‘wings’, 2 
lateral petals. The ‘keel’, 2 anterior petals fused together 
and protecting the androecium. This has a tube of 9 stamens 
Joined together, and 1 posterior stamen free from the others. 
The gynaecium has | carpel containing many ovules, the style 
and stigma curve upwards within the keel. 


Method of examination 


Examine whole flowers with a hand lens. Remove the sepals 
and petals one by one and draw them. Observe and record the 
structure of the androecium and gynaecium. Examine pollen 
grains on a slide under the high power of the microscope. 

Cut a longitudinal section through the flower and make a 
drawing of the section. Observe the arrangement of the ovules 
in the ovary. 

Record the floral diagram and floral formula. 


Variations in Floral Structure 


(a) Inflorescences 

Peduncle. The main stalk of an inflorescence. 

Pedicel. The main stalk of a flower. 

Bract. The scale leaf, in whose axil the pedicel arises. 


RACEMOSE INFLORESCENCES (main stalk does not end ina CYMOSE INFLORESCENCES (the growth of the main stalk 
flower, and continues growth) is stopped by a terminal flower) 


hack UMBEL, e.g. wild parsley pedicel 

ae flower 

pedicel Aug 
peduncle 


peduncle Y DICHASIUM, e.g. chickweed MONOCHASIUM, 
e.g. forget-me-not 


RACEME, e.g. wallflower CAPITULUM, e.g. dandelion 


(b) Receptacles 


superior 
ovary 
receptacle superior ovary inferior ovary 


HYPOGY NOUS FLOWER, e.g. buttercup PERIGYNOUS FLOWER, e.g. rose EPIGYNOUS FLOWER, e.g. apple 


(c) Ovaries 


ovule 
(marginal placentation) 


loculus 
(cavity inside ovary) 


MONOCARPELLARY OVARY TRICARPELLARY OVARY TRICARPELLARY OVARY 
(ovules with axile placentation, (ovules with parietal 


e.g. pea 
A e.g. bluebell) placentation, e.g. viola) 
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17.2.2 POLLINATION MECHANISMS 


(a) Monoecious (b) Dioecious 
Unisexual flowers on the same plant. Unisexual flowers on different plants. 
HAZEL OAK GOAT WILLOW 


red stigmas A 
8 female catkin 


female catkin 


male catkin 


(c) Hermaphrodite 
Male and female organs in the same flower. 


DANDELION (protandry. Anthers ripen before the stigmas) 
stigma opening 


— receptive surface 
stigma 


l. stigma growing through 2. pollen grains carried out on 
anther tube 


ollen grains 
stigma P £ 


anther. 


filament 
receptacle 


3. pollen grains dispersed to 4. stigma self fertilizes itself 
ower surface of stigma other florets by insects with any pollen grains 


remaining on it 


PLANTAIN (protogyny. Stigmas ripen before the anthers) PRIMROSE (heterostyly. Flowers in two forms 


with different length of style) 


2 


THRUM EYED (short style) PIN EYED (long style) 
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17.2.3 FRUITS AND SEEDS 


germinating pollen grain 
stigma 


anther 


ovum 
male nuclei 
pollen tube 


i] integuments 


receptacle SM 


DIAGRAM TO SHOW FERTILIZATION OF A FLOWER 


| TYPES OF FRUITS 
f Simple fruits (made from one flower) 


DRY INDEHISCENT. Single-seeded fruits, in which 
the pericarp does not split to 
release the seed. 


ACHENE ACHENE NUT 


buttercup burdock oak acorn 


WINGED. The wall of the pericarp develops into a 
flattened wing, for dispersal by the wind. 


sycamore (a schizocarp) 


ash (winged achene) 


ovule forms seed 


stalk 


tube nuçleus 


secondary nucleus 


entering micropyle 


cotyledons (embryo seed leaves 
storing food) 


ra C endosperm (formed from tissue made 
by the fertilized secondary 
nucleus. A food store) 
embryo (develops from the 
fertilized ovum) 
testa (seed coat formed from 
inveguments) 
micropyle (surrounded by 
integuments) 


DIAGRAM SHOWING HALF 
SECTION OF SEED 
(formed from the ovule) 


remains of style and stigma 


pericarp (skin of fruit formed 
from ovary wall) 


loculus (cavity inside ovary) 


seed 


scar, where fruit breaks off receptacle 


DIAGRAM SHOWING N.B. A seed has one scar 
VERTICAL SECTION OF where it breaks off its stalk. 


FRUIT Afrulth 
(formed from ovary and ovule) eg bg 


NUT SAMARA CYPSELA 


pappus 


seed (calyx) 


SN Ce ines formed ATN 
from pericarp YP 


beech fruit elm dandelion 


involucre formed 


from 3 bracts bract 


fruit 


fruit 
hornbeam lime 


DRY DEHISCENT. The seeds are released by the 
splitting of the pericarp. 


FOLLICLE LEGUME CAPSULE 


paeony pea campion 


CAPSULE SILIQUA SILICULA 


wallflower shepherd's purse 
poppy poppy capsule in section 


SUCCULENT. Part of the pericarp becomes fleshy. 


DRUPE 


epicarp (skin) 
mesocarp (fleshy) 


endocarp (stone) 


PLUM DRUPE IN VERTICAL 
SECTION 
BERRY 


epicarp (skin) 
mesocarp 

seed 

endocarp (fleshy) 


nee ORANGE BERRY IN 
TRANSVERSE SECTION 
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FALSE. Part of the receptacle becomes fleshy. 


receptacle 


strawberry 
VERTICAL SECTION 


SWOLLEN RECEPTACLE WITH EXTERNAL TRUE FRUITS 


VERTICAL SECTION 


SWOLLEN RECEPTACLE ENCLOSING TRUE FRUITS (POME) 


Multiple fruits (made from an inflorescence) 


hole 


drupes 


‘ae 


swollen inflorescence 
encloses flowers H 
lis 


VERTICAL SECTION 


fig 


tuft of leaves 
(continuation of axis) 


pineapple swollen axis of inflorescence 


DISPERSAL OF FRUITS AND SEEDS 


DISPERSAL BY ANIMALS 
(i) Hooked fruits which become attached to their bodies. 
Burdock. Goose grass. 

Gi) Nuts, carried by animals and hoarded in stores. 
Acorn, Beech. 

Gii) Succulent and false fruits. The fruits are eaten but 
the seeds pass through the digestive systems un- 
harmed, and are egested in the faeces. 

Plum, Orange, Strawberry, Apple, Fig. 

DISPERSAL BY WIND 

(i) Light seeds, e.g. Orchid and Shepherd’s Purse. 
The seeds of Poppy and Campion are dispersed as 
the capsules move in the wind. 

(ii) Seed parachutes, e.g. Willow Herb. 


(iii) Winged seeds, e.g. Pine. (The wing is made from part 
of the scale of the cone.) 

(iv) Fruit parachutes. The Dandelion. 

(v) Winged fruits, e.g. Ash, Sycamore, Hornbeam, Lime, 

Elm. 

DISPERSAL BY WATER 

Water Lily seeds, buoyant due to air spaces inside them. 

EXPLOSIVE MECHANISMS 

E.g. Gorse, Broom and Pea. 


Method of study 
Make a collection of as many different seeds and fruits 
as possible. Study their structure and mode of dispersal. 


SEED STRUCTURE 


ENDOSPERMIC. Castor Oil (Ricinus communis). NON-ENDOSPERMIC. Broad Bean (Vicia faba). 


testa y 
1s 


plumule 
radicle 


micropyle 


WHOLE SEED REMOVED 


embryo 
caruncle 


SEED CUT ACROSS SEED CUT ACROSS WIDEST 
NARROWEST SECTION SECTION TESTA REMOVED AND COTYLEDONS SEPARATED 


GERMINATION OF SEEDS 


xi ——— 2 cotyledons 


} embryo 


SIDE VIEW WITH TESTA 


EPIGEAL. (The cotyledons emerge above ground.) HYPOGBAL. (The cotyledons remain below ground.) 


Castor Oil (Ricinus communis). Broad Bean (Vicia faba). 


STAGES IN GERMINATION STAGES IN GERMINATION 


first leaves 
hypocotyl 


cotyledon 


hypocotyl 


4) 
lateral roots —/ a 


| 
) 
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plumule 


radicle 


primary root 


—_» ~ 


GERMINATION OF FRUITS 
EPIGEAL. Sunflower (Helianthus spp.). 


pericarp 

testa 

cotyledon 

embryo 
FRUIT CUT FRUIT CUT 
ACROSS ACROSS 
NARROWEST WIDEST 
SECTION SECTION 


STAGES IN GERMINATION 
cotyledons 


lateral roots 


primary root 


GERMINATION 


Types of seeds 

Endospermic. The food store is in the endosperm, a tissue 
which develops in the embryo sac by the division of the 
central nucleus after the second male gamete in the pollen tube 
has fused with it. 

Non-endospermic, The food store is contained in the cotyle- 
dons. 


Types of germination 

Epigeal. The cotyledons push above the ground at an early 
stage in the growth of the seed, and they become photo- 
synthetic. 

Hypogeal. The cotyledons remain below ground. The 
plumule pushes above ground and is the first structure to 
become photosynthetic. 
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HYPOGEAL. Maize (Zea mais). 


WHOLE FRUIT 


pericarp and testa fused 
aleurone layer (protein) 
endosperm (starch) 

scutellum 


coleoptile ——1W Vy, 
embryo plumule 
+ . 
radicle r FRUIT CUT ACROSS 
coleorhiza NARROWEST SECTION 


STAGES IN GERMINATION 


coleoptile 


coleorhiza 
radicle 


(grows through 
coleoptile) 


radicle 
(grows through 
coleorhiza) 


Conditions necessary for germination 
After a seed has completed its period of dormancy, it will 
germinate if the following conditions are satisfied. 

(i) There is an adequate water supply to mobilize the food 
reserves inside the seed. Water enters through the 
micropyle and testa. 

(ii) There is an adequate supply of oxygen for the respira- 
tory requirements of the seed. 
(iii) There is a suitable temperature, the optimum for most 
seeds being approximately 25°C. 
Method of examination ’ 
Germinate a variety of seeds and examine the stages in their 
development at two-day intervals. 


17.2.4 GROWTH 
Development of the Horse Chestnut (Aesculus spp.) 


young foliage leaf 


terminal bud 
bud scale 


lenticel 


lateral bud 
(dormant) 


leaf scars 


vascular bundle 


scale scars 
WINTER CONDITION m TERMINAL BUD DEVELOPING mamme 
Winter Stages of Common Twigs 


BEECH COMMON ASH SYCAMORE 
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17.2.5 VEGETATIVE REPRODUCTION 


(a) Natural 


CREEPER (horizontal shoot above ground) 


ground ivy 


SUCKER (horizontal shoot below ground) 


aerial shoot 


adventitious roots 


mint 


RUNNER (horizontal shoot above ground) 


adventitious roots 


strawberry 


STOLON (swollen terminal bud) 


parent stem 


leaf bud 
stolon 


adventitious roots 


bramble 


(b) Artificial 


CUTTINGS (lateral shoot cut below a node) 


geranium 


GRAFTINGS 


graft 


twine and 
grafting wax 


17.2.6 FOOD STORAGE 


Stems 
(a) Swollen stem tips 


TUBERS 
scale leaf eye 
axillary bud 
potato tuber 
potato 


(whole plant showing tubers) 


(b) Swollen stem bases 


CORMS new corm 
forming 


below shoot 


new corm 


scales old corm 


last year's — 


contractile 
food store 


roots 


crocus corm (in early spring) VERTICAL SECTION gladiolus corm (in autumn) VERTICAL SECTION 


(c) Horizontal stems 
RHIZOMES 


iris 


(d) Swollen stem axis 


stem apex 


axillary bud 


internode eT, 


| VERTICAL SECTION 


brussels sprout 


Leaves (swollen leaf bases) 


foliage leaf 


papery scale foliage leaf 


flower sheath 


fleshy scale leaf 


stem 
roots 
tulip bulb VERTICAL SECTION next year's bulb developing 
p 
Roots 
(a) Tap roots (b) Tuberous roots 


shoot (cut) 


terminal bud 


tuberous root 


root 


lesser celandine 


shoot (cut) 


root tuber 
lateral root 


turnip 


carrot 


dahlia 
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17.2.1 ABNORMAL METHODS OF FEEDING 
(b) Semi-parasitic 


o 
o parasite stem 
o haustorium host 
oSA host stem 
root embedded 
$ i in host 
——— 
dodder (Cuscuta spp.) 2mm. parasite 


(c) Symbiotic 


mistletoe (Viscum album) 


7 


S IZA 


5 mm. 


nodule (swollen cortex cells 
containing bacteria) 


SECTION OF ROOT 


(d) Insectivorous 


sticky glands on 
inner surface 


u 
250 p 5 mm. 
TRANSVERSE SECTION TRANSVERSE SECTION 
sundew (Drosera rotundifolia) OF LEAF butterwort (Pinguicula spp.) OF LEAF 


82 


17.2.8 ADAPTATION TO ENVIRONMENT 
(a) Hydrophytes Living in water. FLOATING LEAVES 


FLOATING PLANTS 


duckweed (Lemna spp.) 
b) Xi h 3 A = : water lily (Nymphaea spp.) section of stem 
(b) Xerophytes ba cng for cutting down the rate of to show air spaces 
WATER STORING LEAVES THICK WAXY CUTICLE HAIRY LEAF 


fleshy leaf 


stonecrop (Sedum spp.) holly (Ilex spp.) mullein (Verbascum spp.) 


NARROW LEAVES WITH SUNKEN STOMATA ROLLED LEAVES 


leaf open on wet day leaf closed on dry day 
stoma 


C} epidermis cell 


D guard cell 


low power sections 


sunken stoma under high power 


pine (Pinus spp.) marram grass (Ammophila arenaria) 


REDUCED LEAF SURFACE 


heather (Erica spp.) gorse (Ulex spp.) 
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(c) Halophytes Living in saline conditions. 


glasswort (Salicornia stricta) 


(d) Climbers 


CURVED THORNS 


mammal 


blackberry (Rubus spp.) 


TWINING 
goose grass (Galium aparine) 
TENDRILS 
tendril 
leaf 
bindweed (Convolvulus spp.) pea (Lathyrus spp.) 
ROOT CLIMBER 
adventitious roots which attach themselves 
ivy (Hedera helix) to a tree trunk 


IV EXPERIMENTS 


The purpose of an experiment is to investigate the behaviour 
of a living organism when various conditions in its environ- 
ment are changed. Wherever possible an organism is kept 
under normal conditions, and is the ‘control’, which is 


compared with the behaviour of the subject of the experiment. 
Experiments can also be made to investigate the chemical 
and physical properties of living organisms and their products. 


18 Experiments on Irritability 


Living organisms are sensitive to stimulations produced by 
changes in their environment. They have sense organs 
(receptors) of many types, which can detect these changes. 
Lower organisms have simple receptors, higher organisms 
have more complicated receptor systems. They make various 
types of response, which can be listed as follows: 

A tropism is a response made by a plant organ which grows 
in a direction determined by the stimulus. A positive 
response is a growth towards the stimulus, a negative 
response a growth away from it. 

A taxis is a movement of a whole organism towards (positive), 
or away from (negative) a stimulus. 

A nasty is the response of part of a plant to a change in the 
intensity of a stimulus surrounding it, e.g. a change in 
temperature. 

A kinesis is a change in the rate at which an organism moves 
due to changes in the strength of the stimulus. 

The following experiments can be used to investigate the 
sensitivity of various organisms. 


18.1 LIGHT 


When investigating the effect of light, try to keep other 
factors such as humidity and temperature steady; e.g. be 
careful that the heat from a lamp does not introduce a 
temperature effect. 


ANIMALS 
Experiments on light from one direction (Phototaxis) 


i. Flatworm (Planaria spp.). See 7.1 

Place an animal in a small glass dish of water, in as dim a 
light as possible, Shine a narrow band of light at it from 
various directions, and investigate the response made by the 
animal 


ii, Earthworm (Lumbricus spp.). See 9.1 

Place a worm in a glass tube about 2 cm. in diameter and 
30 cm. long. Cover each end with a cylinder of black paper, 
each about 20 cm. long. Keep the tube steady and horizontal 
and illuminate the worm with a bright light, moving the two 
cylinders so as to give a small slit of light at various points 
along the worm’s body. Investigate how different parts of its 
body react to light. 


iii, Water Flea (Daphnia spp.). See 10.1.2 


Place a number in a small aquarium in a dim light. Shine a 
bright light on one side of the tank, and note the reaction. 


iv. Woodlouse (Oniscus spp.). See 10.1.3 

Place a strip of damp paper along the length of a wide glass 
tube approximately 30 cm. long. Illuminate one end of the 
tube and cover the other with a piece of black paper. Introduce 
10 animals into the tube, and count the number of individuals 
at each end at minute intervals over a short period of time. 


y. Blow-fly larva (Calliphora spp.). Cf. House-fly 10.2.4 


Place some young larvae on a piece of damp paper in a dim 
light. Note the reaction when a narrow band of light is shone 
on to the larvae. 


vi. Minnow (Phoxinus spp.). See 13.1.2 


Place a number in a small aquarium in a dim light. Shine 
a bright light on one side and note the reaction. 


Experiments on Colour Change 


Some aquatic animals change colour according to whether 
the background is dark or light. Put three glass dishes of water 
on a dark piece of paper and three others on a white piece. 
Place one specimen of the following types into each of the 
different types of background and investigate the nature of 
the colour change. Crayfish. Minnow. Tadpole. 

Investigate the colour change in the adult frog by setting 
up four experiments. Cover each of four large glass dishes 
with a piece of glass, and arrange the dishes so that: 

(a) is in the light, and has a damp atmosphere; 

(b) is in the light, and has a dry atmosphere; 

(c) is in the dark, and has damp atmosphere; 

(d) is in the dark, and has a dry atmosphere. 

Place a frog in each dish, and notice the colour of the skin 
before and after half an hour in the experimental dish. 


Behaviour of the human eye to light 


Get a friend to cover both his eyes with his hands, at the 
same time keeping them open. Remove one hand quickly and 
notice the reaction of the pupil of that eye to the sudden 
exposure to normal light. i 


Investigate the nature of the blind spot. Cover the left eye, 
and with the other observe a white card on which there is a 
black cross and a black spot each about 4 cm. in size and 
separated by 6 cm. Concentrate on the spot (have it to your 
left), and bring the card nearer to the right eye. Note that ata 
certain point the cross becomes invisible, as it is focused on 
the blind spot. 

Observe the pin-hole camera effect by making a hole with 
a pin in the centre of a card. Look at a view through the 
window through the pin-hole and see how much of it is in 
focus. Remove the card, and observe how the view is seen 
normally. 

Observe that an image on the retina is inverted. Using the 
same card, hold it about 5 cm. in front of one eye. Carefully 
bring the head of a pin between the card and the eye, observe 
the outline of the pin in the hole in the card. 


“(| Ef 


Try to obtain a test card, and test the ability to read print of 
various sizes at the prescribed distances. Similarly use a test 
card to test the ability to detect colour satisfactorily. 


PLANTS 


Experiments on Light from One Direction (Photo- 
tropism) 
i. Pin Mould (Mucor spp.). See 14.4.1 

Grow a culture of this fungus on a piece of damp bread 
covered with a cardboard box, with a narrow slit on one side 
through which light can pass. Investigate the nature of the 
growth of the sporangiophores. 


ii. The Maize (Zea mais). See 17.2.3 

Grow seedlings of this plant, and mark the coleoptiles with 
spots of Indian ink placed 1 mm. apart. Expose the seedlings 
to light from one direction. Note the response of these seedlings 
compared with those whose tips have been covered with a 
small silver paper cap. (Seedlings of oats may also be used.) 


iii. Lupin (Lupinus spp.) 


Place a lupin flower spike in a jar of water and illuminate it 
strongly from one side with an electric lamp for 24 hours. 
Note the response. 


iv. Cress 

Support some cress seedlings on a wire mesh placed over a 
jar of water, so that the roots are in the water. Shine a light 
from an electric lamp from one side of the jar and note the 
response in 24 hours. 

In all the above experiments set up controls in which the 
specimens are illuminated with diffused light from a// sides. 


Experiments on Varying Light Intensity (Photonasty) 


Place a pot of daisies and a pot of Oxalis under a box, so as 
to keep them dark for several hours. Then expose the plants to 
normal daylight and observe the response. 


18.2 TEMPERATURE 


When carrying out observations on the effect of temperature 
variations on living organisms, try to keep other factors such 
as light and humidity steady. 


ANIMALS 


i. Paramecium spp. See 5.2 (Kinesis) 


Place a microscope slide containing a culture of these 
animals in a film of water, so that one end is over a petri 
dish of warm water, and the other over @ dish of cold water. 
Observe with a hand lens where the Paramecia congregate. 
mo the experiment using flatworms (Planaria spp.) (See 


li, Woodlouse (Oniscus spp.). See 10.1.3 (Kinesis) 

Place ten animals in a glass tube, as in 18.1 above. Arrange 
for one end of the tube to be warm, and the other cool. 
Count the number at each end at 1 minute intervals, over a 
short period of time. 


iii. Earthworm (Lumbricus spp.). See 9.1 

Carefully introduce a worm into a narrow glass tube, and 
close each end with a piece of cotton-wool. Lower the tube 
into a dish of water at 5°C, and with the aid of a hand lens 
count the number of pulsations made by the dorsal blood 
vessel in 1 minute. This can be seen just under the skin on the 
dorsal surface of the animal. Record the results. Raise the 
temperature by stages up to 30°C. Makea graph of the readings 
obtained, plotting temperature against the number of pulsa- 
tions per minute. 


iv. Water Flea (Daphnia spp.). See 10.1.2 

Place a piece of cotton-wool on the centre of a microscope 
slide, and make a clearing in the centre of the wool. Moisten it, 
and with the aid of a pipette place a Daphnia in the centre of 
the wool, so that it is in a kind of nest. Place a split match- 
stick at each end of the slide, and cover it carefully with 
another slide, so that the Daphnia is held in position in the 
cotton-wool. Fix the two slides together with a rubber band at 
each end. Place a deep petri dish containing water at 5°C on 
the stage of a microscope, and lower the slides containing the 
Daphnia into it. When the animal has settled, focus the heart, 
which is on the dorsal side of the body, with the low power 
lens. Count the number of heart beats made in 1 minute. It is 
best to have a partner to record the times while the observer 
does the counting. Gradually raise the temperature of the 
water in steps up to about 25°C, and record the rate of heart 
beat at each temperature. Make a graph òf the results, plotting 
temperature against the number of heart beats per minute. 


v. Mussel (Mytilus edulis). See 11.1 

Investigate the rate at which the cilia beat at various 
temperatures, as observed in a small piece of gill. Open a 
mussel in a dish of sea water, and cut out a piece of gill about 
1 cm. square. Place this in a petri dish of sea water at about 
5°C, and stand the dish over a piece of graph paper. Place a 
speck of dust or grain of coloured powder on the edge of the 
piece of gill, and note the time it takes to travel a distance as 
measured by the squared paper. Gradually increase the 
temperature in stages up to about 25°C..Record on a graph 
the time taken for a speck to travel a given distance against 
temperature, Be careful not to irritate the gill unduly, as it will 
emit a mucus which may interfere with the experiment. 


vi. Frog (Rana temporaria). See 13.2 

Sometimes when a frog is dissected, the heart can be 
massaged so that it starts beating again. If so, record the rate 
of heart beat at different temperatures, and make a graph of 
the results. 
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Perception of Temperature in Man 

Place one knitting needle in hot water and a second one in 
cold. Blindfold a partner, and map out on his fore-arm which 
areas detect cold, and which detect hot, by touching the skin 
at various points with each of the two knitting needles in 
turn. 

Place one hand in a bowl of hot water, and the other in cold 
water for about 20 seconds. Remove them, and place both 
hands immediately into a bowl of tepid water. Compare the 
sensations caused in each hand. 


PLANTS 
i. Tulips (Thermonasty) 


Place a pot of tulips in a cold atmosphere, and later bring 
the flowers into a warm atmosphere and note the result. 


ii, Sensitive Plant (Mimosa pudica) (Thermonasty) 
Place a lighted match for a few seconds below the terminal 
leaflets of the plant and note the result. 


iii, Pea (Pisum sativa). See 17.2.3 

Germinate some peas in damp sawdust, so that the roots 
are about 2 cm. long. Mark the roots with Indian ink spots 
1 mm. apart, then place one set in sawdust in a cold temp- 
erature, and a second set in a warm temperature for 48 hours. 
Note the effect of temperature on the rate of growth. 

Weigh two separate sets of ten dry peas. Leave one set in 
cold water, and the other in warm water for 24 hours. Remove 
them after this time from the water, dry them on blotting paper 
and weigh again. Compare the amount of water absorbed by 
each set of peas. 


18.3 GRAVITY 


When investigating the effect of gravity on living organisms 
keep light, temperature and humidity steady. 


ANIMALS 


i. Flatworm (Planaria spp.). See 7.1 
Place one on a piece of damp glass. Slope the glass slightly 
and observe the reaction of the Planaria. (Geotaxis.) 


ii, Crayfish (Astacus fluviatilis). See 10.1.1 
Place a crayfish in a dish of fresh water and observe its 
reactions when placed (a) on its side, (b) upside down. 


iii, Woodlouse (Oniscus spp.). See 10.1.3 

Place ten lice in a wide sloping glass tube, lined with a strip 
of damp paper. At 1 minute intervals, over a short period of 
time, count the number of animals at the top and bottom ends 
of the tube. (Kinesis.) 


iv. Cabbage White Caterpillars (Pieris spp.). See 10.2.2 
Repeat the above experiment, using a batch of ten cater- 
pillars. (Kinesis.) 


v. Starfish (Asterias spp.). See 12.1 
Place a starfish in a dish of sea water and observe its 
reactions when placed upside down. 


vi, Frog (Rana temporaria). See 13.2 

Place a frog in a large empty aquarium tank covered to 
prevent the animal from jumping out of it. Gently tip the 
tank in different directions and observe the posture of the 
frog's head. If possible, place the tank on a revolving turn- 
table, and note the position of the frog’s head as the animal is 
revolved. 


PLANTS 
These experiments should be carried out in the dark. 


i, Pin Mould (Mucor spp.). See 14.4.1 

Grow a specimen of this fungus on a piece of danıp bread. 
When the sporangiophores emerge, slope the piece of bread at 
about 45° and investigate their reaction after 24 hours. 
(Geotropism.) 


Experiments on Roots (Positive geotropism) 
ii, Broad Bean (Vicia faba). See 17.2.3 

Germinate some beans until the roots are about 2 cm. long. 
Make marks on them about 1 mm. apart with Indian ink. 
Place the beans in different positions by pinning them to a 
piece of cork covered with a thin layer of cotton-wool. Stand 
the cork vertically in a dish of shallow water. Observe the 
growth of the roots after 24 and 48 hours. Also mount beans 
on the cork, from which the terminal 2 mm. of the roots have 
been removed. 


A KLINOSTAT 


In order to counteract the influence of gravity place some 
beans with roots approximately 2 cm. long on a slowly 
tag klinostat, Observe the resultant growth after 24 and 

ours. 


Increase the stimulus on the roots by using centrifugal 
force. Germinate some beans in a tin of sawdust and then 
revolve the whole tin rapidly for 48 hours on a horizontal 
wheel driven by an electric motor. At the end of this time 
observe the direction of the growth of the roots in each plant. 


Experiments on Stems (Negative geotropism) 


iii, Maize (Zea mais). See 17.2.3 

Germinate some maize seeds in specimen tubes of sawdust. 
When the coleoptiles emerge, make Indian ink marks | mm. 
apart on them. Place the tubes on their sides, and observe the 
resultant growth of the coleoptiles after 24 and 48 hours. 
Repeat the experiment with some seedlings from which the 
terminal 2 mm. of coleoptile has been removed. (Seedlings of 
oats may also be used.) 


iv. Lupin (Lupinus spp.) 

Place a lupin flower spike in a jar of water, by inserting it 
through a hole ina tight-fitting cork. Make this hole watertight 
with a little vaseline. Turn the spike on its side and observe the 
result in 24 hours. 


v. Geranium (Pelargonium spp.) 

Cut a slit in a piece of square plywood, and cover the soil in 
a pot containing a geranium with it, The stem of the plant 
should be inserted in the slit. Turn the plant upside down in a 
dark cupboard, and observe its reaction after 24 and 48 hours. 


18.4 WATER 


ANIMALS 


i, Flatworm (Planaria spp.). See 7.1 


Make a shallow trough, along which water can flow in a 
slow stream from a tap. Place specimens of Planaria in the 


moving water, and note their reactions to its movement. 
(Rheotaxis.) 


ii. Earthworm (Lumbricus spp.). See 9.1 
Place an earthworm in a long, wide glass tube dry at one 
end and with damp cotton-wool at the other end. Cork the 


tube up at each end, and observe the reaction of the worm. 
(Kinesis.) 


iii. Crayfish (Astacus fluviatilis). See 10.1.1 


Place a crayfish in a shallow trough of moving water, and 
observe its reactions. (Rheotaxis.) 


iv. Woodlouse (Oniscus spp.). See 10.1.3 

Cover a shallow trough with a piece of glass. Inside it 
support a strip of perforated zinc, so that it is over a dish of 
water at one end, and a dish of CaCl, at the other. Introduce 
ten woodlice, and count the number of animals at each end at 
1 minute intervals over a short period of time. (Kinesis.) 


PLANTS 


i. Common Moss (Funaria spp.). See 15.1 

Mount a spore éapsule from which the operculum has been 
removed on a dry slide, and observe it under the low power 
of the microscope. Breathe on it gently, and observe the 
movement of the peristome as moist air reaches them. 


ii. Fern (Dryopteris spp.). See 16.1 

Mount an old sorus from which the indusium has withered 
ona dry slide, and observe it under the low power of the micro- 
scope. Breathe on it gently and observe movement in the 
annulus of a sporangium. 


iii. Pine (Pinus spp.). See 17.1.1 
Place mature pine cones alternately in a dry and damp 
atmosphere and observe their behaviour. 


iv. Flowering plants 

Place a porous pot (or a plant pot with its drain hole sealed 
with a cork) containing water in the centre of a seed-box 
containing dry soil. Place some germinating seeds in the zone 
around the porous pot. At 24-hour intervals uncover some of 
the seedlings, and observe the, reaction of their roots to water 
seeping out of the pot, (Hydrotropism.) 


18.5 CHEMICALS 


ANIMALS 


i. Amoeba spp. See 5.1, Paramecium spp. See 5.2 

Mount some specimens of Amoeba in a drop of water on a 
slide, and cover with a coverslip. Introduce a weak solution of 
sodium bicarbonate at one edge of the coverslip from a fine 
pipette; i.e. weak carbonic acid solution. Observe the re- 
actions of the animals. (Chemotaxis.) 

Repeat this experiment using Paramecium. 

Repeat both experiments using a very weak solution of 
acetic acid. In the case of Paramecium note the reaction of the 
trichocysts. 
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ii. Hydra spp. See 6.1 


Place an animal in a cavity slide, and cover it with a cover- 
slip. Introduce a very weak solution of acetic acid from a fine 
pipette, and observe the action of the stinging cells, examining 
the tentacles under both low and high power. 


iii. Earthworm (Lumbricus spp.). See 9.1 

Place an earthworm on a piece of damp paper. Hold a piece 
of cotton-wool soaked in ammonia solution near to the 
worm, and estimate the distance at which it can detect this 
chemical. 


iv. Blow-fly larva (Calliphora spp.). Cf. House-fly. See 10.2.4 
Place a few larvae on a piece of damp paper, and a piece of 
meat at one end. Observe their reactions. (Chemotaxis.) 


v. Sensitivity in man 

Blindfold a partner, and assess his ability to recognize 
various smells, by holding small bottles containing common 
smelling compounds near his nose. 

Make up solutions of salt, sugar, quinine and vinegar. 
Touch a small drop of each of these solutions in turn from a 
clean glass rod on to different parts of your partner’s tongue. 
Map out the areas sensitive to the different substances. 
Repeat these experiments with the nose clipped, so that the 
sense of smell is eliminated. 

Make up a solution of 1 gm. sugar in 100 ml. distilled 
water. From this, make up small quantities of more dilute 
solutions. Find out the strength of the weakest solution which 
your partner can detect. As control experiments, occasionally 
touch the tongue with distilled water only. 


PLANTS 


i. Pin Mould (Mucor spp.). See 14.4.1 

Place a small portion of mycelium from a flourishing 
growth of this fungus on to agar jelly contained in a petri dish. 
Place a piece of bread on the jelly near the fungus, and note its 
reaction. (Chemotropism.) 


ii, Flowering plants 

Bring a piece of cotton-wool soaked in ammonia solution 
close to the terminal leaflets of a sensitive plant (Mimosa 
pudica), and observe the reaction. (Chemonasty.) 

Place a small piece of hard white of egg, or a small insect, 
on the tentacles of a sundew (Drosera spp.) and observe the 
reactions with a hand lens. (Chemotropism.) 

Warm a little agar jelly so that it just melts, and put a drop 
on a microscope slide. Into this put a mixture of pollen grains 
and shredded stigma from a flower. Specimens of lupin, pea 
or hyacinth are suitable. Place the slide in a moist atmosphere 
in the dark for a few hours. Later observe it under the micro- 
scope, and examine the growth of pollen tubes from the pollen 


grains. (Chemotropism.) 
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18.6 TOUCH 


ANIMALS 
i. Paramecium spp. See 5.2 
Observe the reactions of Paramecium when it bumps into 
small obstacles such as water plants, when examined under 
the low power of the microscope. 


ii. Hydra spp. See 6.1 

Observe a specimen in a drop of water on a cavity slide. 
Touch the tentacles gently with the point of a seeker, and 
observe the reactions with a hand lens. 


iii. Anemone (Actinia spp.). See 6.2 

Observe an anemone in a small dish of sea water. When its 
tentacles are fully extended touch one gently with a seeker, 
and observe the response. Progressively stimulate the anemone 
more strongly and observe its reactions. Observe the be- 
haviour of the animal when it is fed on small pieces of chopped 
earthworm or meat. 

Touch various parts of the following animals with the point 
of a seeker, and try to determine where they are most sensitive 
to the stimulus of touch, Earthworm. Crayfish, Cockroach. 
Caterpillar, 


iv. Woodlouse (Oniscus spp.). See 10.1.3 

Place ten woodlice in a small glass dish, one-half covered 
with sand, and the other with smooth paper. Count the 
number of animals on the smooth and rough surfaces at 1 
minute intervals over a short period of time. (Kinesis.) 


v. Mussel (Mytilus edulis), See 11.1 

Open the two shells of a mussel, and place it in a dish of 
sea water. Notice the reaction of the foot and palps when they 
are touched gently with a seeker. 


vi. Starfish (Asterias spp.). See 12.1 

Observe a starfish in a small dish of sea water. Touch the 
tube feet on various parts of the body and also the terminal 
tentacles on each arm, and observe the response. 


vii. Sensitivity in man 


Carry out the following experiments on a blindfolded 
partner, Find the smallest piece of paper which can be 
detected when dropped from a height of a few cm. on to both 
surfaces of a hand, and on to the forehead. Repeat the ex- 
periment several times, and take the result for which the 


answer is given correctly most times. 

Set the points of a pair of dividers to various distances and 
discover the smallest distance at which two points can be 
recognized on various parts of the skin. 


PLANTS 


i. Pea (Pisum sativa). See page 84 

Touch one side of a tendril at regular intervals with the 
point of a seeker. Determine how long it is before a response 
is made. (Thigmotropism.) 


ii. Oxalis acetosella 
Tap the leaflets gently with a pencil for about 2 minutes. 
Observe the reaction of the plant. (Thigmonasty.) 


iii, Sensitive plant (Mimosa pudica) 


Touch the tips of the leaflets with a pencil, and observe the 
response to stimuli of various strengths. (Thigmonasty.) 


18.7 SOUND 


Hold a meter rule near to a partner’s ear in a quiet room. 
The other ear should be plugged. Move a quietly ticking 
watch outwards along the rule, and record the distance at 
which it is no longer heard. Bring the watch back towards 
your partner again, and record the distance at which it is 
heard. Take the mean of the two readings. Repeat the experi- 
ment with the other ear and observe whether the sensitivity 
of the two ears is similar. 

Plug both your ears with cotton-wool, so that you cannot 
hear a watch close to. Touch the watch against the teeth, fore- 
head, etc., and observe whether the tick can be heard by 
conduction through the bones. 

Set a tuning fork humming, or produce a continuous note 
from a musical instrument. Plug each ear alternately in quick 
succession with a finger. Observe whether the pitch of the 
note sounds the same when detected by each ear. 

Obtain a Galton Whistle, or oscillator, and observe the 
highest note which can be detected by each ear. 


19 Experiments on Movement 


Observe the various methods of movement found in living 
organisms. 


19.1 ANIMALS 


AQUATIC ANIMALS 
Ciliated movement Observe this in Paramecium. Planaria. 
Fasciola miracidia larvae. Mussel gills. Earthworm nephridia. 
Lining of the buccal cavity of a frog. 


Appendages Crayfish. Water flea. Gnat larvae. Fresh 
water shrimp (Gammarus spp.). Observe this animal on a 
cavity slide in a drop of water under the low power of the 
microscope. Note the movements of the muscles within the 
exoskeleton near a joint. 


Pseudopodial movements Amoeba. 
Gliding Observe the movement of the following animals 


on the side of a glass tank in water. Hydra. Pond snail. Sea 
anemone, 


Tube feet Observe the method of movement of a starfish. 


Tails Minnow. Tadpole. 


TERRESTRIAL ANIMALS 


Earthworm Observe animals moving in their tubes in a 
glass-sided wormery. Place an earthworm on a piece of damp 
paper, and observe its method of movement. 


Insects Observe the method of movement of blow fly 
larvae, and cockroaches. 

Frog. Rat Observe these animals alive. Also study the 
nature of the skeleton and the structure of the joints in 
preserved specimens. 


AERIAL ANIMALS 


Observe the structure of insect wings. See 10.2.1, 10.2.2, 
10.2.3, 10.2.4. A 

Study the structure of the bird’s wing and feathers. See 
13.4.1. 


19.2 PLANTS 


Autonomic movements 

These are natural movements which occur in plants while 
they are growing, and are not influenced by external stimula- 
tions. Observe the growth of pea tendrils, and the twining 
habit of a convolvulus. 
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Nutation 

Many stem and root apices spiral as they grow. To observe 
this, place a maize seedling in a small pot on the base of a 
retort stand. Clamp two pieces of glass one above the other in 
line over the plant. Place a mark on the upper piece of glass, 
look at the tip of the plant in line with the mark. Put a piece of 
sticky paper on the lower piece of glass in line with the mark 
andthe stem tip, and repeat this at intervals of several hours. 
In this way record the movements of the stem tip. 


Tactic movements 


Observe the movements of plant male gametes, using Fucus 
(see 14.2), Fern prothallus (see 16.1) and Saprolegnia (see 
14.4.2). 


Protoplasmic movements 


Mount stamens of Tradescantia or cells of Elodea in water 
on a slide. Observe the streaming movements of the proto- 
plasm under the low and high power of the microscope. 


Turgor movements 

Strip the epidermis off an iris leaf, and mount a small 
portion in water on a slide and cover with a coverslip. Observe 
the position of the guard cells in the stomata. Now introduce 
a strong salt solution under the coverslip from a pipette, and 
observe the movements of the guard cells. 

Mount a thin section of a piece of beetroot on a slide in 
water, and cover with a coverslip. Observe the distribution 
of the red pigment in the cells. Introduce a strong salt solution 
and observe the movements of the pigment. 


a aaaaaaaaaaaaaaaaaaalalalalalalalalaaaaasssssl— 


20 Experiments on Nutrition 


paa 


20.1 THE NATURE OF FOOD 


Food consists of (a) high energy carbon compounds 
consisting of large complex molecules. The energy contained 
in these compounds is released in living organisms at com- 
paratively low temperatures in their bodies, by the action of 
organic catalysts called enzymes. The compounds can also be 
broken down when heated experimentally. 

Fuel food + Oxygen = Carbon dioxide + Water + Energy 

(b) There are also non-fuel substances in food—minerals, 
vitamins and water. 


20.1.1 Experiments to Demonstrate the Nature of 


Food 


(a) To show that fuel foods break down to carbon dioxide 
and water. Heat a few grams of sugar in a test tube, and allow 
the escaping fumes to pass from a bent delivery tube on to a 
piece of blue cobalt chloride paper. The paper will turn pink 
if water is present in the fumes. Allow the fumes to pass 
through clear lime water, which will turn milky if carbon 
dioxide is present. 


sugar 
lime water 
heat 
sugar i 
cobalt chloride paper 
heat 
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(b) Place some grass in an evaporating basin, and heat it 
strongly so that it is completely burned to carbon dioxide and 
water. Note whether any mineral ash remains after the com- 
bustion. 


20.1.2 Types of Food Substances, and Experiments 
to Identify Them 


HIGH ENERGY FUEL FOODS 


Carbohydrates 


Cellulose. Add a little chlor-zinc-iodide to a small piece of 
cotton-wool in an evaporating dish. A blue colour denotes the 
presence of cellulose. 

Starch. Scrape a few potato starch grains into the bottom of 
a test tube, and half fill it with water. Warm to break up the 
grains, and then add a few drops of iodine. Observe the 
purple-blue colour which develops, a test for starch. Experi- 
ment with different strengths of starch solution to determine 
how sensitive the test is. Mount a few starch grains on a slide, 
and cover with iodine. Observe under the low power of the 
microscope. 

Glucose. Place a few grains of glucose sugar in a test tube 
and half fill it with water. Add 2 ml. of Fehling’s Solution 
No. 1 and then the same amount of Fehling’s Solution No. 2. 
Heat gently, and observe the red precipitate which develops; 
a test for glucose. Carry out experiments with solutions of 
varying strengths to discover how sensitive this test is. 

Sucrose. Fehling’s test will not work directly on sucrose. 
The sucrose can be converted into glucose by boiling with a 
few drops of dilute hydrochloric acid for 1 minute, then 
Fehling’s test can be applied. 


Fats 


Place a small quantity of margarine in an evaporating basin 
and heat until it melts. Measure the temperature at which this 
occurs with a thermometer. Continue the heating and observe 
the burning of the fat. This is a simple test for fats. 

Rub a small piece of margarine on the centre of a piece of 
filter paper, and hold it up to the light. Note the translucent 
grease spot which is made on the paper. Now dissolve the fat 
off the paper with benzene and allow it to dry. Note whether 
the fat is removed by the benzene. 

Place a small amount of margarine in the bottom of a test 
tube, cover with about half a test tube of water, and heat 
gently. Notice that the fat breaks into small particles to form 
an emulsion. Add a little Sudan III stain to this emulsion, 
shake and allow to settle. The stain turns the fat particles red. 


Proteins 


Heat a small portion of egg white in an evaporating basin 
and note the charring and burning. 


Xanthoproteic test 


Place a few ml. of egg white in the bottom of a test tube 
and carefully add a few ml. of concentrated nitric acid. A 
yellow colour develops. Cool, and then add a little ammonia 
solution slowly and carefully. An orange colour results. 


Millon’s test 


Add a few drops of Millon’s reagent to a few ml. of egg 
white in a test tube. A brick-red colour results. 


Biuret test 


Place a few ml. of egg white in the bottom of a test tube. 
Add a few ml. of 5% sodium hydroxide solution and a drop 
of 1°% copper sulphate solution. A violet colour results. 


Other tests 


Place a few ml. of egg albumen in a hard glass test tube, add 
soda lime and heat. Ammonia is evolved. 

Boil a few ml. of egg albumen with 40% sodium hydroxide 
solution for 3 minutes, Add a little lead acetate solution. A 
black precipitate develops indicating the presence of sulphur in 
the protein. 

Confirm that all the above tests are specific, that is to say 
that protein tests do not operate on fats and carbohydrates, or 
carbohydrate tests on fats and proteins. 


NON-FUEL FOOD SUBSTANCES 


Minerals 
Chop cabbage leaves into fine pieces and heat strongly in a 

large evaporating basin until only ash remains. Using standard 

chemical tests, identify the presence of the following substances 
in the ash. 

Pick up a little of the ash on a piece of platinum wire, and 
identify metals by the colours produced when the ash is 
held in a bunsen flame. Sodium—yellow. Calcium—red. 
Potassium—violet, when viewed through a piece of cobalt 
glass. 

Iron. Dissolve a little of the ash in dilute nitric acid, and add a 
little potassium ferrocyanide solution. A blue coloration 
is a test for iron. 

Chloride. Dissolve a little ash in dilute nitric acid. Add a little 
silver nitrate solution. A white precipitate is a test for 
chloride. 

Phosphate. Dissolve a little ash in dilute nitric acid and add 
some ammonium molybdate solution. A yellow coloration 
is a test for phosphate. k 

Sulphate. Dissolve a little ash in concentrated hydrochloric 
acid. Dilute the solution and filter it into a clean test tube. 
Add barium chloride, a white cloudiness is a test for 
sulphate. 

Nitrate. Dissolve a little ash in water. Add a little 0:5% 
solution of diphenylamine in concentrated sulphuric acid. 
A blue coloration is a test for nitrate. > 


Vitamins 
There are no simple tests for vitamins. 
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20.1.3 Tests for Various Substances in Common 
Foods 


Apply the above tests systematically to various common 
foods and identify the occurrence of fuel foods, and minerals 
in them. Always use small quantities of food materials, and 
carry out the experiments on a small scale. Investigate the 
content of bread, potato, apple, vegetables, milk, butter, 
margarine, egg, cheese, meat, chocolate. 


20.1.4 Digestion of Fuel Foods 


Before these substances can be absorbed in the tissues of an 
animal, they have to be broken down into simpler soluble 
materials, and this is carried out in the process of digestion, by 
enzymes. Enzymes are catalytic substances made by living 
cells, which speed up chemical reactions in living organisms. 
They do this at temperatures of 0%-40°C and in alkaline, neut- 
ralor acid conditions according to the type of enzyme. Enzymes 
are specific, i.e. they take part in definite actions, and they 
are named by adding the suffix ‘—ase’ to the type of substrate 
on which they act. 

Carbohydrases convert starches to glucose. 

Lipases convert fats to fatty acids and glycerol. 

Proteases convert proteins to amino-acids. 


EXPERIMENTS ON ENZYME ACTIONS 


These experiments should be carried out at a temperature 
of approximately 30°C. 


Carbohydrases 

Make up a weak starch solution in a test tube. Transfer 
half of this to another test tube and test.whether there is any 
sugar present, using Fehling’s test. To the other half add a few 
drops of a weak solution of diastase. Place a series of spots of 
iodine on a white tile, and remove a drop of the starch 
solution at | minute intervals, mixing each drop with one of 
the spots of iodine in succession. So long as there is any starch 
present, a blue coloration will result, but when it has all been 
digested, iodine will be unaffected. 

Repeat this experiment, using saliva instead of diastase. 

On the completion of each experiment, test a little of the 
solution for the presence of sugar, using Fehling’s test. Set 
up control experiments, in which the enzyme is omitted. 


Proteases 

Take three test tubes, into each place a small piece of the 
hard-boiled white of an egg. Cover with water and add one 
drop of dilute hydrochloric acid to test tube 1; one drop of 
dilute sodium hydroxide solution to test tube 2; leave the 
third test tube neutral. To each add a little pepsin (a protease), 
and leave in a warm place for several hours. Compare the 
rate at which the egg white is digested in each of the three 
test tubes. Set up a control experiment to which no pepsin has 
been added. (One small crystal of thymol placed in each test 
tube will prevent the egg white from decaying if the experiment 
has to be left overnight.) 


Lipases 

Make an emulsion of olive oil in a test tube and add a 
drop of litmus solution, or Universal Indicator. Leave the 
emulsion in a warm place for a day, and observe the reaction 
of the indicator as fatty acids are formed. 


20.2 TYPES OF NUTRITION 


20.2.1 Holozoic Types of Nutrition 


This is the commonest type of nutrition found in animals, 
in which food is taken into the body from plant or animal 
sources and digested. 


EXPERIMENTS ON HUMAN BEINGS 


Examine calorific values of common food materials and 
their vitamin contents as obtained in diet tables. Design a 
balanced menu for two days, to give about 3,000 kilo-calories 
food value, and a balance of vitdmins. Dry samples of fuel 
foods give: 

Carbohydrates and proteins, 4 kilo-calories per gm. Fats 9 

kilo-calories per gm. 


A balanced diet typically is made up of foods giving: 
500 gm. carbohydrate, 100 gm. fat, 100 gm. protein per day. 


Keep complete records of food eaten over the course of a 
day or a week. Enter in a notebook the weight of each item of 
food throughout the day, and calculate the calorific value 
from diet tables. In the case of many foods containing a 
quantity of water, it will be necessary to know the original dry 
weight of food used, as this only constitutes the calorific 
value. For example, in weighing porridge, record only the 
amount of oats contained in a given portion of porridge. In 
making these records it will be useful to weigh previously the 
various plates on which food is placed, so that the amount of 
food can be recorded by weighing it on a plate of known 
weight. Make a chart of your results in the form of a histo- 
gram. 
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20.2.2 Holophytic Types of Nutrition 


This is the commonest type of nutrition found in plants 
containing the green pigment chlorophyll. In such plants, 
food is made in the process of photosynthesis from the raw 
materials carbon dioxide and water, according to the equation: 


light energy 
6CO) + 6H,O—+CyH 3054 60, 
glucose 

The carbohydrates formed in photosynthesis are normally 
converted into a food store of starch in the tissues of the plant. 
Most experiments on photosynthesis involve testing for starch 
as the end product of the process, and this can be done as 
follows. 

Place a green leaf, such as a geranium or nettle leaf, in a 
beaker of industrial alcohol. Place the beaker on a water bath, 
and bring it to the boil. Do not let any naked flame reach the 
alcohol. The boiling will remove the green pigments from the 
plant, the leaf now having a grey white appearance. Remove 
it from the beaker and place it in a dish of iodine solution. 
Those parts of the leaf containing starch will develop a 
purple-blue colour. 


(a) To show that carbon dioxide is necessary for photosynthesis 

Destarch a potted geranium plant by leaving it in a dark 
cupboard for 48 hours. Bring the plant into the light, and 
place one of its leaves in a conical flask containing a solution 
of concentrated sodium hydroxide, which keeps the atmos- 
Phere in the flask free from carbon dioxide. Make an air-tight 


connection by splitting a cork in half, with a single hole 
through the middle. Surround the petiole with this, and place 
the cork in the flask, making the joint air-tight with vaseline. 
Place the plant in light for 24 hours, and then carry out a 
starch test in a normal leaf, and in the leaf which has been 
kept in the carbon-dioxide-free atmosphere. 

(Check that the plant was really destarched at the beginning 
of the experiment, by testing one of the leaves after the plant 
has been in the dark for 48 hours.) 


sodium 
hydroxide 
solution 


(b) Experiments on the intake of water into plants 
ROOTS 


Water enters a root by the root pressure developed by the 
physical process of osmosis. When water or a weak solution is 
separated from a strong solution by a semi-permeable 
membrane, water passes through the membrane into the 
strong solution, so diluting it. A true semi-permeable mem- 
brane allows water to pass through it, but not the molecules 
of the solute. 


i. Experiment to show the physical 
process of osmosis 


In this experiment the semi- 
permeable membrane is parch- 
ment paper. 


ii. Experiments to show osmosis in living cells 


In cells, the cell membrane and cytoplasm which are alive 
act as semi-permeable: membranes. 

The potato osmometer. Place a teaspoonful of sugar in the 
centre of a potato in which a hollow has been made. Stand 
the potato in a dish of water, and observe the entry of the 


water through its tissues, to dilute the sugar inside the central 
hollow. 


cut potato 


Cut out a cylinder of potato with a cork borer, and slice 
20 discs from it, each about 2 mm. thick. Weigh these, and 
record their total weight when fresh. Place the discs in distilled 
water for 1 hour, then remove them and dry their surfaces 
with blotting paper. Reweigh, and record the results. Repeat 
the experiment with 20 discs, which are placed in concentrated 
salt solution instead of distilled water, and compare the results 
of the two experiments. 


Cut a large potato into strips about 7 cm. long, and about 
3 mm. in cross-section. Place the strips in petri dishes over a 
piece of graph paper, dish 1 containing distilled water, dish 2 
weak salt solution, dish 3 strong salt solution. Record the 
length of each strip at the beginning of the experiment, and 
after it has been left in the liquid for 30 minutes. Compare the 


results from each petri dish. 
petri dish 


potato strip graph paper 


Cut the base of a dandelion stalk lengthwise with two cuts 
at right angles made with a razor, for a distance of about 
5 cm. Place it in distilled water for 5 minutes, and then in 
strong salt solution for 5 minutes, and compare the behaviour 
of the stalk in each liquid. 


iii, Experiments to show the entry of water into roots 


Water entering roots by osmosis does so against the 
resistance of the plant tissues, and the effective height which 
the water reaches in the stem is an indication of the root 
pressure. 

Cut a geranium plant off cleanly close to the soil in a pot, 
and immediately fix a capillary tube to it by means of a 
rubber connection. Observe the height water rises up the 
capillary tube by root pressure, until the roots die. 


Thoroughly wash the roots of a small seedling, cress or pea 
will be suitable. Place the plant in a solution of red ink, and 
observe the passage of the coloured liquid through the roots 
into the stem. 

STEMS 
Experiment to show the physical process of capillarity 

Study the way in which water rises in small tubes by placing 
three capillary tubes of different diameters in a beaker con- 
taining red ink. 
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Place leafy shoots of willow or lilac in water. With a razor 
blade make a cut in the form of a ring round the stem so that 
: Passes several mm. into the wood. Observe the effect on the 
leaves. 


LEAVES 


Water escapes from the surface of leaves by a process 
called transpiration. This process differs from the physical 
process of evaporation in so far as the laws of evaporation 
refer to dead surfaces, but the cells of the plant leaf surface are 
alive, and so influence the rate of water loss. 


Experiment to show the rate of evaporation 


The rate of evaporation depends on temperature, air 
movement and humidity. Measure the rate of rise of the 
mercury in various conditions of temperature and air move- 
ment. It is important to make a firm connection between the 
porous pot and the cork. This can be achieved by vaselining 
the rim of the cork, and binding the porous pot with string, 
so that it is held tightly against the cork. 


porous pot 


water water 


mercury mercury 


Experiments to show that water is lost from the surface of leaves 


(i) Fix a piece of blue cobalt chloride paper by means of a 
paper-clip to the upper and lower surfaces of various leaves. 
Investigate which surfaces emit water. 

(ti) Place a potted plant under a bell jar, covering the 
surface of the soil with a piece of polythene to prevent 
evaporation from the soil surface. Observe the condensation 
of water from the leaves under the bell jar. Place a similar 
plant from which the leaves have been removed under a 
similar bell jar, and compare the result with that of the leafy 
plant. 


(iii) To show the presence of stomata in leaves. Place a 
leaf through a split cork, and insert it in a thistle funnel 
containing water. Invert this and attach it to a filter pump. 
Bubbles can be observed rising from the petiole, indicating 
that air is entering the stomata on the surface of the leaf. 


— 


Experiments on the passage of water through shoots 


(i) To measure the rate of transpiration from the leaves of a 
shoot, place a small-shoot with about 6 leaves, freshly cut 
under water, into a specimen tube of water, through a loose- 
fitting cork. Weigh the whole on a balance, and then weigh 
again half an hour later. The loss in weight is equivalent to the 
amount of water transpired from the leaves. 

(ii) To measure the rate of absorption of water by a cut 
shoot, cut a shoot under water in a sink and place it in a 
potometer. Mount the whole apparatus under water to exclude 
air bubbles, Ensure that the apparatus is air tight, by smearing 
the connections at the cork with vaseline. Open the tap of the 
dropping funnel to ensure that air bubbles are removed from 
the apparatus. Close the tap. This will cause an air bubble to 
enter the capillary tube as air is withdrawn from the leaves. 
The rate of water absorption is measured by the time it takes 
the end of the column of water to pass from one division to 
another in the capillary tube. Use this apparatus to measure 
the rate in various conditions: 


(a) a low and a high temperature; 

(6) calm, and moving air; 

(c) dry, and humid air; 

(d) in light, and shade; 

(e) with the upper surface, or lower surface of the leaves 
vaselined. 


A POTOMETER 


Experiment to show guttation 


In some plants, if the rate of osmosis in the roots exceeds 
the rate of transpiration from the leaves, water is forced out 
of the veins on to the tips of the leaves. 


Germinate barley grains in specimen tubes of damp sand. 
When the leaves have developed, place the plant under a bell 
jar whose atmosphere is saturated with water. Observe drops 
of water forced out of the plant on to the leaf tips. 


water drop 


leaf 


Experiments to show that light is necessary for photosynthesis 


Destarch the leaves of several potted plants, such as 
geraniums, by keeping them in a dark cupboard for 48 hours. 

(.) Bring four destarched plants out into the light, one for 
4 hr., one for 1 hr., one for 14 hr. and one for 2 hr. At the 
end of each period remove a leaf, and test for starch using the 
iodine test. Determine which time of exposure is necessary 
before starch can be detected in the leaves. 

(ii) Cover the leaves of a destarched plant with aluminium 
foil, in which various designs have been cut. Expose the leaf to 
light for several hours, then remove and test for starch. 
Observe which areas of the leaf have produced starch. 

(iii) Destarch Spirogyra filaments by keeping them in the 
dark for several hours. Mount them on a slide, and expose to 
light for several hours. Place the filaments in cold industrial 
alcohol to kill them. Stain in iodine and examine under the 
microscope and observe the distribution of starch grains. 

(iv) To show that different colours in the light spectrum 
influence photosynthesis. Place a destarched geranium plant 
in a dark box, and focus a spectrum through a slit in it on to 
a leaf. Expose to the spectrum for several hours, and at the 
end of this time test for starch formed in the leaf. Observe 
which part of the spectrum has induced the formation of 
starch, 

(v) Place destarched plants in darkened boxes, and cover 
the top of each one with a different coloured filter. Investigate 
the colours which promote photosynthesis, by testing the 
leaves of the plants for starch formation. 

(vi) Focus a spectrum on to a microscope slide containing 
destarched Spirogyra. At the end of several hours test for 
starch as in (iii) above. 


To show that chlorophyll is necessary for photosynthesis 


(i) Destarch the leaves of a variegated plant such as 
geranium or Colleus. Expose the leaves to light for several 
hours, and then test for starch. Observe in which part of the 
leaves starch is formed. Before carrying out the test for starch, 
map out the contours of the colours on the leaf by placing a 
piece of tracing paper on a sheet of glass over the leaf. 

(ii) To show that chlorophyll itself is only formed in the 
presence of light, germinate two lots of cress seeds. Grow one 
lot in the light and the other in darkness. Observe that those 
raised in darkness remain colourless and are etiolated. 

(iii) Make a solution of chlorophyll, by grinding fresh nettle 
leaves to a pulp in a mortar using a pestle. Add acetone to the 
pulp and then filter the solution through a biichner filter funnel, 


using a filter pump. (An ordinary filter process can be used, but 
this will be slower.) Place the solution in a test tube and note 
that it is dichrooric, i.e. it looks green through the test tube, 
but red when light is reflected at the surface of the solution. 

(iv) Place some spots of the solution on a dry filter paper, 
and note the rings of colour caused by the different pigments 
as the solution evaporates. 

(v) Place a small quantity of solution in a watch glass, and 
stand a piece of blackboard chalk in it. Notice the pigments 
separating out at different levels, as the solution creeps up the 
stick of chalk by capillarity. 

(vi) Set up a spectroscope to produce a complete spectrum, 
and place a tube of the solution in its path. Observe which 
colours in the spectrum are absorbed by the chlorophyll 
solution, 

(vii) Grind up some mint or nettle leaves with a pestle and 
mortar and place the pulp in a beaker of industrial alcohol. 
Boil this on a water bath, taking care not to allow the naked 
flame to reach the alcohol, and so make a solution of the 
chlorophyll pigments. Cut a thin strip of filter paper to fit 
inside a gas jar, and suspend it from the gas jar lid, by securing 
it with a piece of adhesive tape. Place a few drops of the 
chlorophyll solution on the filter paper. Place some acetone 
in gas jar, so that it is about 1 cm. deep, and hang the filter 
paper so that it is dipping into it. Ensure that the lid of the 
gas jar makes an air-tight connection, using vaseline if neces- 
sary. Observe the separation of the chlorophyll pigments, as 
the acetone creeps up the filter paper by capillarity. 

Perform a similar experiment, by forming the filter paper 
into a cylinder to stand in the acetone. 


Experiments to show that oxygen is produced in photosynthesis 

(i) Place a geranium plant inside a bell jar, together with a 
small candle. Light the candle so that it uses up all the oxygen. 
Ensure that the bell jar is tightly sealed with vaseline to a glass 
plate. Expose the plant to light for a day, then introduce a 
lighted taper to test for the presence of any oxygen formed by 
the plant, Carry out a control experiment by placing a similar 
piece of apparatus in the dark. 
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(ii) Place a water plant, such as Canadian Pondweed 
(Elodea spp.) under a funnel in a beaker, setting up the 
experiment under water in a basin, to exclude air bubbles at 
the outset. Place the apparatus on a bench and expose it to 
continuous light from an electric bulb for 48 hours. Test the 
gas which collects in the test tube. 


(iii) Insert the stem of a water plant through a hole in a 
small cork, and fit this into an ignition tube full of water. 
Invert the whole apparatus inside a large beaker of water, 
fixing the ignition tube to a retort stand by means of a clamp. 
Observe the amount of oxygen collected in the ignition tube 
in a given time, when the plant is exposed to: 

White light. 

Light of different colours. 

When the beaker contains distilled water. 

When the beaker contains a weak solution of sodium 

bicarbonate. 

White light, with the water at different temperatures. 
Alternatively, count the number of bubbles emerging from the 
cut end of the stem in a given time. 


Intake of minerals by plants 

In order to synthesize organic food materials, traces of 
minerals are necessary in addition to carbon dioxide and water. 
Germinate several peas, and when the roots are approximately 
1 cm. long place the roots through holes in circular cards, cut 
to fit over the top of 250 ml. gas jars. Set up 9 gas jars with 
about 6 peas on a card on top of each, and fill the gas jars 
with various solutions listed below, so that the roots enter the 
liquid. It is important that the gas jars should be clean, before 
putting the solutions in them, and the jars should be covered 
with black paper during the experiment to protect some of the 
chemicals from deterioration, and to prevent the growth of 
algae. 
Put liquids in the jars as follows: 
1. Distilled water. 
2. Culture solutions made up from the following quantities 

dissolved in 250 ml. distilled water. 

Potassium nitrate, KNO;,—0-2 gm. 

Calcium sulphate, CaSO,.2H,O,—0-07 gm. 

Calcium hydrogen phosphate, CaHPO,.2H,O,—0-07 gm. 

Magnesium sulphate, MgSO,.7H,0,—0-07 gm. 

Sodium chloride, NaCl,—0-02 gm. 


A few drops of ferric chloride, FeCl;, a trace of manganous 
chloride, MnCl, and boric acid, H;BO3. 

3. A culture solution lacking potassium. (Replace KNO; with 
NaNO;,—0-02 gm.) 

4. A culture solution lacking calcium. (Replace CaSO,.2H,0 
by K,SOs,—0-05 gm.; and CaHPO,.2H20 by 
Na HPO,.12H20,—0-02 gm.) 

5. A culture solution lacking magnesium. 
MgSO,.7H2O by K2S04,—0:05 gm.) 

6. A culture solution lacking iron. Omit ferric chloride, FeCl. 

7. A culture solution lacking nitrogen. (Replace KNO; by 
KCI,—0:15 g.) 

8. A culture solution lacking phosphorus. 
CaHPO,.2H2,0 by Ca(NO3)2,—0:04 gm.) 

9. A solution lacking sulphur. (Replace CaSO,.2H,0 by 
CaCl,—0-04 gm.; and MgSO,.7H,0 by MgCl,,—0-05 
gm.) 

Experiments on soil 
Obtain samples of soils from various habitats, and at least 

two depths. Use either a spade or if available a large coach 

drill which can be bored into the soil, and pulled out again to 
bring up samples from different depths. 


i. Mineral content 

Shake up a sample of soil in a boiling tube and allow it to 
settle. Estimate the percentage of the different particles, by 
placing a ruler against the side of the tube, and measuring 
the size of each layer. 


(Replace 


(Replace 


clay 
silt 
fine sand 


coarse sand 


ii. Water content 

Weigh a clean evaporating dish, and place a sample of 
fresh soil in it. Weigh again in order to obtain the weight of 
the soil sample. Dry the soil by placing it in an oven at about 
102°C, or by warming it gently on a sand tray. Weigh the 
sample again after heating has continued for 30 minutes. 
Estimate the percentage of water which was present in the 
sample of soil. 

Estimate the water content of saturated soils, watering the 
soils in their natural habitat, before removing them to the 
laboratory for examination. 


iii. Water-holding properties 

Put samples of clay, loam and sand into a muslin bag each 
and saturate with water, Allow the surplus to drain away, and 
then place each sample in a weighed evaporating basin. 
Leave the samples in a warm room, and weigh at intervals. 
Determine which samples retain water most effectively. 


iv. Air content 

Take a 7 Ib. jam tin, from which the lid has been cleanly 
removed, and pour water into it from a measuring cylinder, 
to determine its volume, Lower the tin into a tall aquarium 
tank, and mark the water level with a label. Remove the jam 
tin full of water, and then tip the water out of it. Punch 
several holes in the bottom of the tin with a small nail. Take 
the tin, and carefully push it into a sample of soil, taking care 


not to compress the soil. Dig the whole out with a spade, and 
gently level off the soil in the tin. Place the tin back into the 
aquarium tank, and irritate it so that all the air bubbles escape 
from the soil. Mark the new level of water with a label on the 
side of the tank. Top up to the first level with water from a 
measuring cylinder, the volume of water added is equivalent 
to the volume of the air in the soil sample. Record the 
percentage of air in the soil sample. 


v. Humus 

Take a sample of soil, and weigh it in an evaporating dish 
after it has been dried in an oven at 102°C for about 30 minutes. 
(The sample left from experiment (ii) above can be used for 
this experiment.) Then heat the dish strongly over a bunsen 
burner to burn all the humus content. Weigh again when 
cool, and so estimate the percentage of humus present in the 
fresh soil sample. 


vi. Reaction 

Place a small amount of soil in an evaporating basin, and 
add a few drops of Universal Soil Indicator, Estimate from 
the colour which develops whether the sample is acid, neutral 
or alkaline. 


vii. Minerals 

Add distilled water to a sample of soil, shake and filter. 
Test for the metals and acid radicals present in the soil, as 
described in 20.1.2. 


viii. Carbonate content 

Place a sample of soil in the bottom of a conical flask. Fit 
a cork with a delivery tube, and suspend an ignition tube from 
a piece of the thread inside the flask, containing dilute hydro- 
chloric acid. Shake the acid on to the soil sample, and test 
whether carbon dioxide is produced by allowing any gases 
formed to pass through a tube containing lime water. 


+ 


dilute acid lime water 


soil 


ix. Physical properties 

(a) PERMEAĐILITY TO WATER. Set up three samples of soil 
(sand, silt and clay) in filter funnels, supported on glass wool. 
Pour an equal volume of water through each one, and measure 
the time for it to pass through in cach case. 


sand silt clay 


(b) PERMEABILITY TO AIR. Set up three samples of similar 
soils (sand, silt and clay) in filter funnels, attached by rubber 
tubing to the top of a burette, previously filled with water. 
Open the burette taps in turn, and measure the time it takes 
the water to leave, so giving a measure of the permeability of 
each soil sample to air. 


sand silt clay 


(c) CApILLARITY. Fill three wide tubes with sand, silt and 
clay, which have been oven dried. Ensure that the specimens 
are well packed into the tubes. Cover the bottom of each tube 
with a piece of muslin to prevent the soil from falling out, and 
place the tubes in dishes of water. Observe the rate at which 
water ascends each tube by capillarity. 


sand silt clay 


x. Soil organisms 

(a) Place a fresh soil sample in a slightly inclined measuring 
cylinder, and introduce a slow flow of water into the bottom 
through a glass tube. Small organisms will be washed out of 
the soil, and can be collected for examination in a fine silk 


sieve. 


(b) Place three layers of distinct kinds of soil in a glass 
aquarium, and cover with dead leaves. Introduce several 
earthworms into the soil, and observe how they mix up the 
layers over a period of time. ` 

(c) Place one sample of fresh soil in a small muslin bag, 
and suspend it inside a corked conical flask containing lime 
water. Observe the change in colour as it absorbs carbon 
dioxide given out by the soil organisms. Set up a control 
experiment in which the soil sample has previously been 
sterilized by heating to boiling point. 

xi. Soil profiles 

Examine the profile of natural soils by digging a pit with 
vertical sides. Carry out soil tests on samples from different 
depths. 

xii Soil temperature 

Measure the soil temperature, by inserting the bulb of a 
thermometer into the side of a freshly dug pit at different 
depths. 


xiii. The effect of lime 

Place a sample of clay soil in a measuring cylinder, and 
shake it up in water. Add a few gm. of calcium oxide, and 
observe the effect on the clay suspension. Set up a control 
experiment from which lime is omitted. 


20.2.3 Saprophytic Types of Nutrition 

Saprophytic organisms, mostly Fungi and Bacteria, obtain 
energy by breaking down dead organic materials. 

(i) Allow different types of food substances, such as bread, 
fruit, jam, etc., to develop moulds by placing them under a 
bell jar which is kept humid and warm. Examine the organisms 
which develop on these foods. 

(ii) Examine the growth of yeast in a sugar solution. (See 
21.2.) 

(iii) Allow dead flies to develop moulds, by leaving them in 
water. Species of the fungus Saprolegnia (see 14.4.2) may 
develop. Examine the reproductive, organs in which motile 
zoospores can often be seen. 


20.2.4 Parasitic Types of Nutrition 


Parasitic organisms obtain their food supply from another 
living organism—the host. 

Grow cress seedlings in dishes under a bell jar, and allow 
the atmosphere to become warm and humid. Examine the 
fungi which develop on the seedlings and kill them. (Often 
species of Pythium.) 


20.2.5 Symbiotic Types of Nutrition 

An association of two different organisms whose feeding 
habits help each other. 

Examine the nodules on the roots of lupins which contain 
bacteria able to convert nitrogen into nitrates, and are 
beneficial to the lupin plant. Squash a small piece of nodule on 
a slide and examine it under the high power of the microscope. 
(See page 82) 


20.2.6 Food Storage Organs 


Carry out tests for the types of food stored in food storage 
organs using the tests described in 20.1.2. Test for food 
substances stored in: potato, bulb, corm, carrot, grass rhizome. 
Fruits of sunflower, wheat and barley, seeds of castor oil, pea 
and bean. 


21 Experiments on Respiration 


Respiration is a process by which living organisms obtain 
energy through the breakdown of molecules of organic 
materials. Most organisms are aerobic, i.e. they require 
oxygen to facilitate the process, but a few are able to break 
down their food molecules without oxygen, and are said to be 
anaerobic. In both processes, the actions are started and 
catalysed by respiratory enzymes. 

Aerobic respiration 
Food Carbon 
substrate + Oxygen — dioxide + Water + energy 
C6Hi206 + 60; —> 6CO, + 6H,0+ 674 kcals. 


glucose 
Anaerobic respiration 
Food Carbon 
substrate —> dioxide + Ethyl alcohol + energy 
CoHi1206 — 2CO, + 2C,H;OH +26 kcals. 
Jucose 


21.1 AEROBIC RESPIRATION 


ANIMALS 


i. To show that oxygen is absorbed 


Place an active animal such as a cockroach or earthworm 
inside a conical flask, Fit a U-shaped piece of capillary tube to 
it through a cork, with its free end dipping into water. Suspend 
a tube of sodium hydroxide solution inside the flask. As 
carbon dioxide is evolved it is absorbed by the sodium 
hydroxide, so water rises up the capillary tube as the oxygen 
is absorbed by the animals, In order to avoid changes of 
pressure inside the flask caused by slight variations of temp- 
erature outside, this experiment must be carried out in a 
water bath. Carry out similar experiments at different temp- 
eratures, and record the rate of oxygen absorption by means of 
a graph. 


hydroxide 
solution 


ii. To show that carbon dioxide is evolved 


(a) Suspend a tube of lime water in a conical flask, contain- 
ing an active animal, Close the flask with a cork, with a short 
length of capillary tube passing through it. Observe milkiness 
in the lime water as carbon dioxide is evolved. Set up a control 
experiment in a flask containing lime water only. 


(b) Place a few small fish in a bow! of fresh water and leave 
for 24 hr., together with a control dish without any animal in 
it. At the end of 24 hr., place some fresh lime water into each 
of two test tubes. Into one place some drops of water removed 
from the bow! of fish, and into the other place drops of water 
obtained from the control. 

(c) To show that there is more carbon dioxide in exhaled 
air than in inhaled air set up the apparatus shown in the 
following diagram, and breathe through it steadily. 


breathe through here 


lime water 


iii. To show that water is evolved 


(a) Breathe on to a cold mirror, and observe moisture 
condensing. 

(b) Breathe on to a piece of dry cobalt chloride paper and 
observe the change in colour as it becomes damp. 


iv. To show that heat is evolved 


Place several earthworms on damp cotton-wool inside a 
thermos flask and record the temperature with a sensitive 
thermometer over the course of a few hours, Compare this 
with a similar flask in which there are no worms. 


v. To show the evolution of light 


Slit a fresh herring in half, and leave on a dish under a bell 
Jar in a warm, dark cupboard. Examine in a dark room after 
a few days, when light may be seen emitted by bacteria 
respiring on the tissues of the fish. 


vi. Respiration mechanisms 


(a) Pond snail (Limnaea spp., see 11.2). Observe an animal 
taking air at the surface of water. 

(b) Crayfish (Astacus fluviatilis, see 10.1). Observe the 
breathing current by placing a spot of ink from a pipette at 
the posterior lower surface of a gill cover. 

(c) Mussel (Mytilus edulis, see 11.1). Observe the current of 
water caused by the gills, by placing a piece of gill in sea water 
in a petri dish. Place specks of dust on the gill, and observe the 
movement. 

(d) Gnat larvae (Culex spp., see 10.2.5). Observe animals 
breathing at the surface of water. > 

(e) Minnow (Phoxinus laevis, see 13.1.2). Observe minnows 
gulping air at the surface of water. 

(f) Frog (Rana temporaria, see 13.2). Observe fully 
developed tadpoles gulping air at the surface of water. Observe 
an adult frog breathing, and notice the different movements 
when the animal is breathing through the lining of the mouth 
cavity, or through its lungs. (See page 35.) 

(g) Fill your lungs with air, and breathe out steadily into a 
bell jar full of water, which has been calibrated for the volume 
it will hold. So measure the vital capacity, which is the volume 
of air which can be inhaled into the lungs. 


clip 


| i = connection 
breathe to filter pump 
through 


here 


(h) Remove the lungs and trachea from a dissected rat 
without damaging them. Place them in a bell jar, connecting 
the trachea to a glass tube passing through a cork. Ensure 
that the connections are air-tight, Place a rubber sheet over 
the open end of the bell jar to represent the diaphragm. Move 
this artificial diaphragm upwards and downwards, and observe 
the action of the lungs. 
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vii, Mammalian blood 


(a) Obtain a small drop of blood, by pricking the thumb 
just below the nail with a sterilized needle. Make a smear on a 
slide (see pages 6 and 51) and examine the blood cells in the 
sample under the high power. 

(b) Using a blood count apparatus, measure the number of 
red corpuscles. Suck a small sample of blood into a pipette 
to the 0-5 mark and make up to the 10-1 mark by sucking up 
Ringer’s Solution, so diluting the sample by 1/200. Shake 
thoroughly, then place a few drops on the calibrated slide of 
the apparatus. (Squares of 1/400 sq. mm. and 1/10 mm. deep.) 
Count the average number of corpuscles in several squares, 
and so estimate the number in a cubic mm. of blood, of the 
original sample. N.B. One square contains 1/4000 cu. mm. of 
blood, which has been diluted 200 times. 

(c) Clotting. Place a small drop of blood on a slide, and 
leave it for 15 minutes. Then examine it for the formation of 
fibrils. Place another drop of blood on a slide to which a 
drop of 10% sodium citrate has been added. This prevents 
clotting. 

(d) Place a small sample of blood in a test tube to which a 
little 10°% sodium citrate has been added, and dilute it 20 times 
with distilled water. Bubble a stream of oxygen through it, and 
observe the colour change. Subsequently observe the colour 
change when carbon dioxide is bubbled through the sample. 

(e) Test for blood. Place a drop of blood in a test tube and 
dilute it with distilled water. Add tincture of guiacum and 
hydrogen peroxide, and observe the colour which develops. 


PLANTS 
i. To show that oxygen is absorbed 


Repeat the experiment described for animals in paragraph 
(i), page 100, using germinating peas placed on damp cotton- 
wool inside the conical flask. 


ii. To show that carbon dioxide is evolved 


(a) Repeat the experiment described for animals in para- 
graph (ii), page 100, using germinating peas placed on damp 
cotton-wool inside the conical flask. 

(b) Set up a plant under a bell jar, placed on a piece of 
glass, and vaselined to make an air-tight connection. By 
means of a filter pump draw air through the apparatus, carbon 
dioxide being removed from it by means of a tube containing 
soda lime. Test that carbon dioxide is evolved due to the plant 
respiration, by passing the air exhaled from the plant through 
a tube of lime water. It is necessary to cover the bell jar with 
a black cloth, to prevent photosynthesis taking place and 
interfering with the experiment. 


lime water to test 
that incoming air is free 
from carbon dioxide 


lime water 


iii. To show that water is evolved 

Repeat the experiment as in (ii b) above, replacing the soda 
lime tube with calcium chloride contained in a similar tube, to 
dry the incoming air. Observe the formation of water con- 
densing inside the bell jar. The soil should be covered with a 
polythene sheet. 


iy. To show that heat is evolved 


Place several germinating peas on damp cotton-wool inside 
a thermos flask, and record the temperature with a sensitive 
thermometer over the course of a few hours. Compare this 
with a control flask in which there are no seeds. 


21.2 ANAEROBIC RESPIRATION 


This process takes place in those parts of plants which are 
unable to obtain oxygen, and also insome fungi and bacteria. 


i. Anaerobic respiration in germinating peas 


Set up the apparatus as shown, placing germinating peas in 
the test tube, so that they float to the top of the mercury. 
After 2 days test the gas which they evolve into the test tube. 
Set up a control experiment, in which the peas have previously 
been killed by heating. 


peas 


mercury 
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ii. The fermentation of yeast 


Place a few ml. of brewers’ yeast in a solution of glucose 
contained in a conical flask. Connect this by means of a tube, 
dipping into a test tube of lime water. Leave in a warm place 
(25°-30°C) for 2 days. At the end of this period observe 
milkiness in the lime water, and the smell of ethyl alcohol in 
the flask. If a portion of this is distilled, sufficient alcohol will 
be produced to burn in a watch-glass. Set up a control 
experiment, in which the yeast has previously been killed by 
heating. 


lime water 


yeast solution 


21.3 RESPIRATORY ENZYMES 


i. Dehydrogenases 

Place a little milk in a test tube together with a few drops of 
methylene blue. Leave in a warm place for several hours. 
The methylene blue is decolorized as it is reduced by bacterial 
respiration in the milk. 


ii, Peroxidases 


Leave a piece of cut potato exposed to the air. It goes 
brown due to the activity of these enzymes in the presence of 
oxygen in the atmosphere. 

Grind up a little fresh potato with a pestle and mortar, and 
add a few drops of tincture of guiacum. It turns blue owing to 
oxidation brought about by enzymes in the potato. 


22 Experiments on Excretion 


Ww 


Excretion is the process in which the waste products of 
metabolism are separated from the tissues of an organism. In 
animals excretory products are expelled from the body into 
the environment, but in most members of the plant kingdom, 
the excretory products are retained within the tissues. In 
animals the main excretory products are ammonia, urea and 
uric acid; in plants a wider variety of substances is produced. 


22.1 ANIMAL EXCRETION 


i. Earthworm (Lumbricus spp.) 


Examine nephridia removed from a freshly killed worm as 
described on page 19. 


ii. Cockroach (Periplaneta americana) 


Remove a few malpighian tubules from the dissection of a 
cockroach as described on pages 22 and 23, and examine them 
on a microscope slide, under low and high power lenses. 

Place some cockroach droppings in a small hard glass tube 
and heat with soda lime. Test the gas evolved, by placing a 
piece of damp litmus paper near the opening of the tube. 


iii. Sweat 

Obtain some sweat by wearing a rubber finger stall for a 
short time. Pick up a specimen of sweat from inside the stall on 
a piece of platinum wire, and test for sodium using the flame 
test. Test for chlorine by placing a sample in a test tube 
containing silver nitrate. 


22.2 PLANT EXCRETION 
i. Fungi 


Grow a culture of Mucor on a petri dish on agar jelly in 
which a little sugar has been dissolved. After several days test 


the reaction of the jelly for staling products, by removing a 
little of it and dropping it into a solution of neutral litmus in a 
test tube. 


ii. Seaweeds 


Boil a sample of Fucus spp. in a large beaker. Filter through 
a small mesh wire sieve. Observe the jelly produced when the 
extract cools. 
iii. Coniferophyta 

Obtain resin from the trunk of a pine tree and test its 
reaction to litmus. Make a solution by warming some resin in 
water. Test its antiseptic properties by placing a few drops on 
part of an agar jelly surface contained in a petri dish exposed 
to the air. Observe whether bacteria and fungi develop on the 
part of the agar containing the resin solution. 


iv. Anthophyta 


A wide variety of substances is obtained from members 
of this division, many of which form the basis of medicinal 
drugs. 

(a) Tannins. These are present in tree bark, or tea leaves. 
Boil a small portion of the skin of a rat in strong tea, and 
observe the tanning effect. 

Boil a little bark from an oak tree with ferrous sulphate, 
and so make a weak solution of ink. Write with this, and ob- 
serve that it is several days before the writing blackens. (Blue- 
black ink contains an extra blue pigment.) 

(b) Oils. Test the seeds of castor oil, or the leaves of mint 
for oils, carrying out the grease spot test on a piece of filter 
paper. (See 20.1.2.) 

(c) Calcium oxalate. Examine transverse sections of leaves 
of rhubarb, horse chestnut or other deciduous tree leaves 
obtained in autumn. Crystals, called raphides, of calcium 
oxalate are often present in the cells. 


23 Experiments on Growth and Reproduction 


EE 


Living organisms acquire material from their environment, 
and, with the energy they obtain from respiration, they build 
up their bodies, and ultimately reproduce. 


GROWTH 
ANIMALS 


i. Flatworms (Planaria spp.). See 7.1 

Keep specimens supplied with food, in dishes at different 
temperatures. Measure their lengths over a period of time, and 
record your results. 
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ii. Cabbage White Butterfly Caterpillars (Pieris brassicae). See 
10.2.2 


Keep specimens on cabbage leaves, and record size after 
each moult. 


iii, Frog (Rana temporaria). See 13.2 
Keep tadpoles in dishes at different temperatures. 
Measure and record the increase in size over a period of 
time. 


iv. Man 

Make a small scratch near the base of a finger-nail, and 
measure the rate of growth of the mark away from the base of 
the nail at weekly intervals. 


y. Mouse 
Weigh a newly born mouse, and keep a record of the in- 
crease in weight over a period of time. 


vi. The influence of hormones on growth 

Set up four experiments, by placing 10 tadpoles in each of 
four jars of water. In jar 1, place water weeds only. Jar 2, 
water weeds, and half a thyroid tablet added twice per week. 
Jar 3, a small portion of fresh meat added twice per week. Jar 
4, a small portion of fresh meat and half a thyroid tablet added 
twice per week. Keep the water clean in all the jars, and re- 
move any dead tadpoles. A little nipagen added to the water 
will help to prevent the growth of fungi and bacteria. Observe 
and record the rate of growth of the tadpoles in each of the 
four experiments. 


PLANTS 
i. Growth of a whole plant 
Observe the rate of growth of a plant shoot such as a potted 
geranium, by attaching the growing tip to a growth lever, by 
means of a light cord. Record the results by means of a 
graph, plotting increase in length of the plant shoot against 
time. Observe any difference between growth by day and night. 


ii. Growth in roots 


Observe the rate of growth of. pea roots by growing peas in 
gas jars between the glass and a piece of blotting paper held 
in place by damp moss inside the jar. Place experiments in 
different temperatures, and compare the rates of growth. 

iii. Region of growth 

Observe the region of growth in the roots of peas or broad 
beans. Germinate the seeds, and when the radicle is 2 cm. long 
dry it, and make marks 1 mm. apart by laying a thread soaked 
in Indian ink across it at 1 mm. intervals. When the ink is dry, 
set the seedlings in damp sawdust. After 24 hours record the 
distance between each mm. mark, and so determine the 
region of growth. 


GROWTH IN 24 HOURS 
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iv. Growth in leaves 

Select a young leaf, such as sycamore, in its natural position 
on the tree. Lay the leaf against a piece of graph paper and 
draw its outline. Mark the leaf with a piece of coloured wool, 
so that you can easily identify it again. Record its outline on 
the same piece of graph paper at successive intervals. 


y. Growth hormones 

(a) Obtain a selective weed killer such as 2-4-D, and make a 
solution of the strength recommended on the bottle. Mark out 
two squares of metre side on a lawn. Water ore square 
regularly with pure water. Water the other at the same time 
with the 2-4-D solution. Record the results obtained. 

(b) Grow broad-leaved plants, such as buttercups, in plant 
pots. Spray each pot with 2-4-D solutions of varying strengths, 
and observe the effects after a few days. Examine the cells of 
a leaf removed from each plant at different stages in the 
experiment. 

(c) Take two cuttings of a geranium plant. Place one in 
damp sawdust, and another in damp sawdust after first 
treating the roots with a rooting hormone, After one week, 
carefully remove the plants, and compare the control with the 
one treated with hormone. (See page 79.) 


23.2 REGENERATION 
ANIMALS 


Many animals have the ability to regenerate parts of their 
bodies, if these have been lost or damaged. Animals in the 
simpler Phyla have greater powers of regeneration than those 
in more complex forms. The latter have, however, the power 
to heal wounds. 


i. Flatworms (Planaria spp.). See 7.1 

Select a number of specimens, place them one at a time on 
damp filter paper, and cut each one with a sharp scalpel, 
varying the position and direction of the cut. Return the 
animals to dishes of water, and record their ability to re- 
generate new body tissue over a period of days. 


ii, Earthworm (Lumbricus spp.). See 9.1 
i Take a number of specimens, and cut each one transversely 
in different positions. Place each one in a small wormery and 
examine it from time to time, and record the powers of 
regeneration of the different specimens. 


iii. Crustacea, See 10.1 

’ Many crustaceans have the power to regenerate whole 
limbs. Observe various specimens of crabs, shrimps, etc., for 
evidence of regenerated limbs. 


iv. Starfish (Asterias spp.). See 12.1 
Specimens are frequently found with one or more arms 


smaller than the rest. These are in the course of regenerating 
damaged parts. 


v. Lizard (Lacerta spp.). See 13.3 

These animals have a breaking plane through one of the 
vertebrae in the tail, and the tail may break off if it is seized by 
a bird. A new, rather stunted tail frequently grows in its place. 
Look out for specimens showing this phenomenon. 


A 


PLANTS 


Many plants have high powers of regeneration. When a 
plant is wounded, the exposed surface respires more rapidly 
and new tissues are quickly formed. 


i. Wounding plant tissues 


(a) Grow specimens of grass in a seed-box, and note the 
effect of frequent cutting of the leaves with a pair of scissors. 
(Tillering.) 

(b) Observe specimens of dandelions. Cut a plant off close 
to the ground, and observe its powers of regeneration.- 

(c) Examine oak apples. These are caused by the wound 
due to the entry of a small insect into the tissues of the tree. 

(d) Galls. Examine galls on the leaves of various trees, 
which are growths caused by the entry of insects into the 
tissues. 


ii. Grafting 
The success of this process depends on the ability of the cut 


portion of a plant shoot to regenerate. Twigs of apple or pear 
are suitable subjects for grafting experiments. 


stock 


scion 


TYPES OF GRAFTING 


iii. Cuttings 

Take cuttings of a geranium, by slicing down the surface 
of a stem near its junction with a petiole, and remove the leaf, 
so that the petiole has a portion of stem still attached to it. 
Plant such cuttings in pots of well-watered soil. Dip each 
cutting in rooting hormone to hasten the growth of new roots 
from the cut surface. 


23.3 REPRODUCTION 


23.3.1 Asexual 


ANIMALS 
Examine prepared slides of Amoeba (see 5.1) and Para- 


mecium (see 5.2). PLANTS 


(i) Examine specimens of Pleurococcus. (See Chlorophyta 
14.1.1) 
(ii) Examine the sporangiophores from a culture of Mucor. 
(See Phycomycota 14.4.1.) 
(iii) Examine the zoosporangia of Saprolegnia. (See 14.4.2.) 
(iv) Examine the spore capsules of Funaria. (See Bryophyta 
15.1.) 
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(v) Examine the sporangia of the male fern. (See Ptero- 
phyta 16.1.) 


23.3.2 Vegetative 


This process involves the detachment of some part of the 
body of an organism, which then develops into a new com- 
plete specimen. 


ANIMALS 
(i) Examine specimens of Hydra spp. for budding. (See 6.1.) 


PLANTS 

(i) Examine specimens of Spirogyra spp. (See Chlorophyta 
14.1.3.) 

(ii) Examine yeast cells under the microscope, and observe 
the formation of buds. (See Ascomycota 14.5.1.) 

(iii) Observe the methods employed by flowering plants 
(Anthophyta), as in creepers, runners, suckers, storage 
organs. (See pages 79, 80 and 81.) 


23.3.3 Sexual 


This process involves the fusion of two gametes to produce 
a zygote, which then develops into the adult stage of the 
organism. 


ANIMALS 


i. Paramecium spp. See 5.2 
Examine prepared microscope slides showing conjugation. 


ii. Hydra spp. See 6.1 
Examine specimens of Hydra for the presence of testes. 
Sperms can often be seen moving inside a mature testis. 


iii, Earthworm (Lumbricus spp.). See 9.1 

Dissect a freshly killed Earthworm, remove a seminal 
vesicle, and make a smear of the sperms on a microscope 
slide. Examine this under the low and high powers of the 
microscope. 


iv. Starfish (Asterias spp.) See 12.1 

If living specimens can be obtained, it is comparatively 
easy to remove the gametes and watch fertilization under the 
microscope. Dissect out the testes from a male starfish and 
place them in a dish of sea water. Similarly remove the ovaries 
from a female. Place a few eggs in a cavity slide in a drop of 
sea water. With a pipette pick up some of the sea water from 
the dish containing the testes. Observe at frequent intervals, 
when sperm may be seen encircling the eggs. 


y. Herring (Clupea harengus). See 13.1.1 
Examine the soft roe (testis), and the hard roe (ovary) of a 
herring. 


PLANTS 


i. Fusion of isogametes 

This takes place when gametes of the same size fuse to- 
gether to produce a zygote. 

Observe prepared slides showing conjugation in Spirogyra 
(see page 57), and Mucor (see page 60). 


ii. Fusion of anisogametes 

This takes place when two gametes, each of different size, 
fuse together to form a zygote. 

(a) Seaweeds (Fucus spp.) See 14.2. Examine fresh speci- 
mens of Fucus spp., cut sections through the conceptacles and 
examine antheridia and oogonia. Wipe the slime from the 
outside of the conceptacles in mature specimens of Fucus, and 
mount on a slide. Examine under the high power of the micro- 
scope for the presence of gametes. 

(b) Male Fern (Dryopteris spp.). See 16.1. Mount a fern 
prothallus in a drop of water on a slide, and cover with a 
coverslip. Examine under the high power; male gametes can 
often be seen swimming in the water. 

(c) Flowering plants (Anthophyta). Collect pollen from a 
variety of flowers. Mount them in drops of sugar solution 
(strengths 2°4-10°%) on microscope slides. Leave these under 
a bell jar for a few hours, and examine them for the formation 
of pollen tubes. 


23.4 DEVELOPMENT 


Observe the manner in which various organisms develop 
from the fertilized zygote into the adult condition. 


ANIMALS 
i. Earthworm (Lumbricus spp.). See 9.1 
Carefully pass specimens of fresh soil through a wire-mesh 
sieve, and examine it for the presence of worm cocoons, which 
are about the size of barley grains. Collect these, and place 
them in a small wormery. Observe their subsequent develop- 
ment. 


ii, Pond Snail (Limnaea spp.). See 11.2 

Collect the eggs of a pond snail and mount them on a 
cavity slide. Observe under the low power of the microscope 
the various stages of the development of the young snail 
within the egg shell. 


iii. Trout (Salmo spp.) 

Obtain trout eggs from a hatchery early in January. Place 
them in a tänk with gravel at the bottom, and pass a steady 
current of water through it. Observe the various stages of 
development, the rate depending on the temperature of the 
water. Shortly after hatching, examine specimens under the 
low power of the microscope in a watch-glass. Circulation of 
the blood can be observed in the gills. 
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developing eggs 


young embryo 


DEVELOPMENT OF TROUT 


iv. Frog (Rana temporaria). See 13.2.1 


Keep specimens of frog spawn in small tanks. Examine the 
various stages of development at intervals of a few days. 


v. Hens’ eggs i 

Obtain fertile eggs from a farmer, and with a pencil mark 
a cross on one side of the shell. Place the eggs in an incubator 
(a laboratory electric oven is satisfactory) and incubate at a 
steady temperature of 39°C. Place a small jar of water in the 
incubator to maintain the humidity of the atmosphere. The 
eggs should be turned through 180° twice per day in order to 
prevent the embryo sticking to the shell. The pencil cross 
marks on the shells indicate the position to place each egg, 
after it has been turned. The developing embryo is most 
likely to stick to the inside of the shell on about the seventh 
day, so it is important to ensure that the eggs are turned 
regularly at about this stage of incubation. Open eggs at 
successive intervals, of about 36 hr., 48 hr., 72 hr., 4, 7, 10 and 
15 days of incubation. 

To dissect, remove an egg from the incubator and immerse 
it in a large pie-dish of water at about 40°C. It is helpful to 
make a plaster of Paris mould the shape of the egg, in which it 
can be rested in the pie-dish during the dissection. With a 
pair of sharp-pointed scissors, snip a window about 3 cm. 
square in the side of the shell, and remove the shell and its 
membranes. It is best to have one person holding the egg in 
position while the other carries out the dissection. 


At the 36, 48 and 72 hr. stages, observe the developing 
embryo in position with a hand lens. Subsequently dissect out 
the embryo, and mount it in a drop of water on a cavity 
slide, to examine it under the low power of the microscope. 
Later stages will be too large to examine under the microscope. 


embryo 
blood vessels 


yolk 


cut shell 


HEN'S EGG. 3 DAYS INCUBATION 


vi. Rat (Rattus spp.). See 13.5.1 


Examine embryos removed from the uterus of a pregnant 
female, using a hand lens. 


PLANTS 


Study the development of flowering plants (Anthophyta) by 
observing the manner in which seeds germinate. 

Seeds are best germinated in small gas jars lined with a 
cylinder of damp blotting paper pressed against the sides with 
damp moss. Plant a wide variety of seeds of different plants, 
and observe their methods of germination. 

Carry out experiments to determine the various factors 
in the environment which influence the manner in which seeds 
germinate. 


i. To show that water is necessary 

Grow, four groups of pea seeds in each of the following 
conditions: 

(a) Dry seeds on dry cotton-wool. 

(b) Seeds soaked for 24 hr. on dry cotton-wool. 

(c) Dry seeds on damp cotton-wool. 

(d) Seeds soaked for 24 hr. on damp cotton-wool. 
Place all the seeds in dishes at an even temperature, and record 
the results. 


ii. To show that oxygen is necessary 

Place some pea seeds on damp cotton-wool, soaked in 
water which has previously been boiled to remove the dis- 
solved gases. Place them on a glass plate under a bell jar also 
covering a candle. Light this, before firmly fixing the bell jar 
to the glass plate with vaseline. The candle will go out when all 
the oxygen has been consumed, so leaving the seeds in an 
oxygen free atmosphere. Set up a control experiment, from 
which oxygen has not been removed. 


iii. The effect of temperature 

Soak some pea seeds for 24 hr. Germinate them in gas jars 
at different temperatures, and record the rate of growth of 
the roots in each temperature over a few days. 


iy. The effect of light 

Germinate some peas previously soaked for 24 hr., one set 
under normal conditions, and the other in darkness. Observe 
the two sets over a period of time, and compare their manner 
of development. 


v. Percentage germination 

Place about 50 peas in a large dish of damp sawdust, and 
count the number which germinate at different intervals of 
time. Record your results as a percentage of the total number. 
Repeat the experiments with other types of seeds. 


vi. Shepherd’s Purse (Capsella bursa-pastoris) 
Remove some seeds from the young fruit (silicula) with a 


_ pair of forceps, and lay them on a microscope slide. Pinch 


them gently with the forceps, when the embryo inside the seed 
will be expelled. Examine an embryo in a drop of water under 
the low power of the microscope. Also examine a prepared 
slide. 


embryo 


seed 


cotyledons 


radicle 


100 p 
EMBRYO MAGNIFIED 


23.5 HEREDITY 


i, raha ts on heredity in the fruit fly (Drosophila melano- 

gaster 

This animal is suitable for experiments on Mendel’s First 
Law. Obtain pure cultures of winged and wingless individuals. 
Prepare fresh culture bottles by sterilizing small bottles heated 
in an oven for approximately 1 hr. Into these pour a solution 
of agar jelly containing squashed banana to act as a food 
medium. Anaesthetize the flies by placing a small drop of 
ether on cotton-wool in the pure culture bottles. Pour the flies 
out into a petri dish, and with forceps select winged males and 
place them in one of the newly prepared bottles. (Males are 
recognized by a black tip at the end of the abdomen.) Into 
another freshly prepared bottle, select female wingless 
individuals. Cork the culture bottles up with a wad of cotton- 
wool which has been lightly flamed to sterilize it. When the 
flies have recovered, mate them by placing the lips of the two 
bottles together (the cotton-wool plugs having been removed), 
and shining a light at the bottom of one of them. This will 
attract all the animals into one bottle, which should then be 
plugged again with flamed cotton-wool. When eggs have been 
laid, attract all the adults out of the bottle into another one, 
by means of the light attraction method. (If these adults are 
not wanted again, it is best to destroy them in case they get 
free in the laboratory.) When the new generation of flies hatches 
out, anaesthetize, count them and separate them into males 
and females. Again, mate these and record the types of 
progeny produced in the second filial generation. The- new 
generations are produced approximately every fortnight, so 
that a number of generations can be studied in a term. The 
culture bottles should be maintained at a temperature of 
approximately 25°C throughout the experiments. 


ii, Dominance in human beings 


Some people are able to taste a substance called thio- 
phenylurea and recognize it as bitter, others do not taste it at 
all. This seems to be due to a simple interaction of a dominant 
and recessive gene. 

Make up a weak solution of thiophenylurea in sterilized 
distilled water, With a clean paint brush, paint a spot on the 
tongue of each one of a large number of people, and note 
—e they are sensitive to it or not. Record and analyse your 
results, 


iii. Laws of chance in heredity 

To illustrate the laws of chance operating in simple 
mendelian experiments, carry out a class experiment in which 
each person spins two pennies, and records how they fall, for 
a number of experiments. Count the number of times the 
pennies fall in the following combinations: 


Head, head. (Pure dominant.) 
Head, tail.  (Hybrid.) 
Tail, tail. (Pure recessive.) 


Add together the results produced from each member of 
the class. It is best to have at least a thousand results, from the 
combined experiments in the class. 


23.6 VARIATION 


i, Variation in human beings 

(a) Cephalic index. Record this in a number of individuals, 
by measuring the head with a pair of large calipers. Take one 
measurement from the mid-line of the forehead to the pro- 
jection in the mid-line at the back of the head, Take the other 
at right angles at the widest point of the head, usually just 
above the ears. Record the cephalic index as: 


Width x 100 


Cephalic index = Length 


Below .75—the skull is long headed, 75-80—round headed, 
above 80—broad headed. 

(b) Eyes. Observe, and record the colour of the iris in a 
number of individuals. 

(c) Nasal index. Measure the length of the nose from the 
mid-line at the base of the nasal septum to the deepest 
indentation between the eyes. Measure the width at the base 
of the nose. Record the index in a number of individuals. 


Width x 100 


Nasal index = Length 


ii. Variation in maize fruits 


Make a record of the main types of fruits recognizable in a 
single maize cob. 


iii. Variation in broad beans 

Record the variations in lengths of broad beans, measuring 
the total length of each seed with a pair of dividers. Record the 
number of beans in each of a number of size groups. 


iv. Variation in composite flowers 


Record the number of florets present in the heads of about 
a dozen dandelion flowers. 


v. Chromosomes 

These may be studied by the technique of squashing tissue 
under a coverslip on a microscope slide. Tease out tissues 
from the root tip of a young onion plant, and place in aceto- 
carmine on a microscope slide. Cover with a coverslip, and 
squash it gently. Warm the slide carefully over a flame for a 
few minutes. Examine the chromosomes under the high power 
of a microscope. Repeat using tissues from insect testes, or 
anthers of flowers. 
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chromosomes 


CELLS FROM YOUNG ROOT TIP OF ONION 
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Index 


Achene, 73, 75 Canadian pondweed (Elodea), 97 
Acorn, 73 Canine teeth, 46 
Actinia (Anemone), 14, 90, 91 Capillarity, 95 
Agar jelly, 11, 59 Capillary, 31, 36, 47 
Alveoli, 47 Capitulum, 70, 71 
Ammophila (Marram grass), 83 Capsella (Shepherd’s purse), 74, 107 
Amnion, 50 Capsule, 74 
Amoeba, 9, 89, 105 Carbohydrase, 93 
Amphibia, 33 Carbohydrate, 92, 94 
Ampulla, 30 Carpel, 69, 70 
Androecium, 69, 70 Carrot, 81, 99 
Anemone (Actinia), 14, 90, 91 Cartilage, 40, 52 
Annelida, 8, 18 Caruncle, 76 
Annulus, 63, 89 Castor oil (Ricinus), 76 
Antennae, 20-22, 24, 25 Caterpillar, 24, 90 
Anterior abdominal vein, 34 Catkin, 72 
Anther, 69, 72 Cell, 51 
Antheridium, 58, 62, 63 Cell membrane, 51, 94 
Antherozoid, 58, 62, 63 Cellulose, 92 
Anthophyta (Flowering plants), 56, 65, Central nervous system, 43 
103, 106 Centrum, 41 
Antibiotics, 59 Cephalic index, 108 
Anus, 8, 31 Cercaria, 16 
Apis (Honey bee), 25 Chela, 20 
Appendages, 91 Chemonasty, 89 
Apple, 71, 75 Chemotaxis, 89 
Archegonium, 62, 63 Chemotropism, 89 
Armeria (Thrift), 84 Chlorophyll, 62, 63, 94, 96 
Arteries, 31, 36, 47, 49 Chlorophyta (Green algae), 56, 57 
Arthropoda, 8, 20 Chloroplasts, 57, 66 
Ascaris, \7 Chordata, 8, 31 
Ascomycota, 56, 61 Choroid, 44, 54 
Ascospore, 61 Chromosomes, 108 
Ascus, 61 Cilia, 10, 19, 28, 30, 87 
Astacus (Crayfish), 20, 87, 88, 101 Class, 4 
Asterias (Starfish), 30, 87, 90, 91, 104, 105 Classification, 4 
Aurelia (Jelly fish), 14 Climbing plants, 84 
Auricle, 36, 49 Clitellum, 18 
Autonomic movements, 91 as oso) rg 39 
Autonomic nervous system, 43, lover, i 
Aves (Birds), 38 a Clupea (Herring), 32, 100, 105 
Coccus, 59 
Cochlea, 44, 
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Cockroach (Periplanata), 22, 90, 103 


Bacteria (S 10, 28, 59, 99, 100 Cocoon, 19 
Bacteri i , 10, 28, 59, 99, IW, ý 
rch pagers Coelenterata, 8, 12, 14 
Barbs, 39 Coelom, 8 
Barbules, 39 Coleoptyle, 77, 86, 88 
Bark, 67 Coleorhiza, 77 
Basidiomycota, 56, 61 Collenchyma, 66 
Beech, 68, 73, 78 Colleus, 96 
Beetroot, 91 Columba (Pigeon), 38 
Berry, 74 Commissures, 18 ; 
Bindweed (Convolvulus), 84 Common moss (Funaria), 62, 89 
Birds (Aves), 38 Common wrack (Fucus), 58 
aera test, ah ý Conrac; 58 
lackberry (Rubus), Cones, 4 
Fm vel 15 À Coniferophyta (Conifers), 56, 64, 103 
Blood, 18, 27, 36, 51, 101 Conjugation, 11, 57 
Blow fly (Calliphora), 85, 89 Connective tissue, 51 
Bluebell, 71 Contractile vacuole, 9, 10 
Bone 40, 52 Convolvulus (Bindweed), 84, 91 
Bract, 69-71, 73 Corm, 80, 
Brain, 31, 43 Cornea, 44, 54 
Bramble, 79 Corolla, 69, 70 
Broad bean LPs 76, 88, 99, 108 Corpuscles, 31, 36, 51 
Bronchus, 4 Cortex, 
Brown algae (Phacophyta), 58 Cotyledons, 73, 76, 77 
Iyopayes (M sos), 56, 62 Cranium, 33 = 
osses), 56, s 
Hae te f Crayfish (Astacus), 20, 86-88, 90, 91, 101 
Burdock, 73 , 19, 105 
Buttercup (Ranunculus), 65, 69, 71, 73, 104 Cress, 86, 96, 99 
Butterwort ( ), 83 Crocus, 80 
By the wind sailor (Vellela), 14 Crop, 39 
Crustacea, 20, 104 
= (Gnat), r 101 
Cabbage white (Pieris), 24, 87, 103 uscuta (Dodder), 
one Blow fy), 85, 89 Casting P, 105 
ay Cyst, 9, te 
Canada balsam, 6 Cytoplasm, 51, 94 


Dahlia, 82 


Dandelion (Taraxacum), ys 72, 73, 95, 105 Ý: 


(Water fea), 21,8 
Dehydrogenase, 102 
Dental formula, 46 
Dentine, 46 


Dichasium, 71 
Dioecious, 72 
Diploblastic, 8, 12 
Disinfectant, 59 
Dissection, 4, 7 
Division, 56 
Dodder (Cuscuta), 82 
Drawing, 7 
` Drone, 25 
Drosera (Sundew), 82, 89 
Drosophila (Fruit fly), 108 
Drupe, 74, 75 
Dryopteris (Male fern), 63, 89, 106 
Duckweed (Lemna), 83 


Ear, 44, 54 

Ear ossicles, 44 

ery (Lumbricus), 18, 85, 87-91, 100, 
106 

Echinodermata, 8, 30 

Ectoderm, 8, 12 

Ectoplasm, 9, 10 

Elm, 7: 

Elodea (Canadian pondweed), 91, 97 

Embryo, 50, 53, 106, 107 

Enamel, 46 

Endocarp, 74 

Endoderm, 8, 12 

Endodermis, 65 

Endoplasm, 9, 10 

Endosperm, 73, 76, 77 

Enteron, 12 : 

Enzymes, 93, 102 

Ephithelium, 51 

Epicarp, 74 

Epicotyl, 76 

Epidermis, 53, 66, 68 

Epigeal germination, 76, 77 

Epiglottis, 47 

Epigyny, 71 

Epineurium, 51 

Erica (Heather), 83 


Eye, compound, 20, 22, 25 
—, sheep, 43, 54 


Family, 4 

Fasciola (Liver fluke), 16, 91 

Fats, 92, 94 

Feathers, 38, 39 

Fehling's test, 92, 93 

Fern (see also Dryopteris), 63, 89, 91, 105 
Fertilization of flower, 7: 


Fig, 75 

Fish \ bog 32 

Flagellum, 13, 57 * 

Flatworm (Planaria), 15, 85, 87, 88, 103, 
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Floral diagram, 69 

Floral formula, 69 

Floret, 70 

Flower, 65, 69 

Flowering plants (Anthophyta), 65, 106 
Follicle, 39, 74 

Forget-me-not, 71 

Fresh water shrimp (Gammarus 

Frog (Rana), 33, 86, w hy 101. "103, 106 
Fruit fly (Drosophila ), 108 

Fruits, 73-75 

Fucus (Common wrack), 4 91, 103, 106 
Funaria (Common moss), 62 105 
Fungi, 56, 60, 99, 103, 104 
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Ganglion, 18, 20, 22 
Garden ster (Oniscus), 21, 85-87, 89, 90 
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105 
Germination, 76, 77, 107 
Gestation, 50 
Gill rakers, 32, 37 
Gills, 20, 27, 30-32, 87 
Gladiolus, 80 
Glasswort (Salicornia), 84 
Glucose, 92, 93, 102 
Gnat (Culex), 27, 91, 101 
Goose grass (Gali lium), 84 
Gorse (Ulex), 83 
Grafting, ie 105 
Grass, 68, 
Green algae Feima] 57 
Green glands, 20 
Ground ivy, 79 
Growth, 78 
Guard cells, 68, 83, 91 
Gullet, 10 
Guttation, 96 
Gynaecium, 69, 70 


Haemoglobin, 31, 51 
Halophyte, 84 
Haustorium, 82 
Haversian system, 52 
Hazel, 72 

Heart, 31, 36, 49 

Heather (Erica), 83 
Hedera (Ivy), 84 
Helianthus ‘Gunitower, 11 
Hermaphrodite, 72 
Herring (Clupea), 32, 100, 105 
Heterostyly, 72 

Hilum, 76 

Hive, 25 

Holly (Ilex), 83 
Holophytic nutrition, 94 
Holozoic nutrition, 94 
Honey bee (Apis), 25 
Hormone, 1 

Hornbeam, 73 

Horse chestnut, 78 

House fly (Musca), 26 
Humus, 

Hydra, 12, 13, 89-91, 105 
Hydrophyte, 83 
Hydrotropism, 89 
Hypocotyl, 76, 77 
Hypogeal germination, 76, 77 
Hypogyny, 71 


Ilex (Holly), 83 
Incisor teeth, 46 
Indusium, 63, 89 
Inflorescence, 70, 71, 75 
Insecta, 22, 91 
Integument, 73 
Intestine, 31, 54 
Invertebrates, 8 
Involucre, 70, 73 
Tris, 80, 91 

Ivy (Hedera), 84 


Jelly fish (Aurelia), 14 
Joint, 40 


Kidney, 31, 39, 49, 55 
Kinesis, 
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Legume, 7. 
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Lenses, 5 

Lenticel, 78 

Lesser celandine, 81 

Lignin, 67 

Lime, 67, 73 

Limnaea (Pond snail), 16, 29, 101, 106 

Lipase, 93 

Liver, 31 

Liver fluke (Fasciola), 16 

Lizard (Lacerta), 38, 104 

Lumbricus (Earthworm), 18, 85, 87-89, 
103-106 

Lungs, 31, 38, 39, 47, 49 

Lupin, 82, 86, 88, 99 


Madreporite, 30 

Maize (Zea mais), 77, 86, 88, 91, 108 
Male fern (Dryopteris), 63, 105, 106 
Mammal, 40 

Mantle, 28 

Marram grass (Ammophila), 83 
Measurements, microscopic, 6 
Medullary ray, 64, 67 

Meganucleus, 10, 11 

Mesentery, 46 

Mesocarp, 74 

Mesoderm, 8 

Mesoglea, 12 

Mesophyll, 68 

Metamorphosis, 37 

Metazoa, 8 

Micron (u), 6 

Micronucleus, 10, 11 

Micropyle, 73, 76 

Microscope, 5 

Midrib, 68 

Millon’s test, 93 

Mimosa (Sensitive plant), 87, 89, 90 
Minnow (Phoxinus), 32, 85, 86, 91, 101 
Mint, 79 

Miracidium, 16 

Mistletoe (Viscum), 82 

Mitral valve, 49 

Molar teeth, 46 

Mollusca, 28 

Monochasium, 71 

Monocyte, 52 

Monoecious, 72 

Mosses (Bryophyta), 56, 62 

Mucor (Pin mould), 60, 86, 88, 89, 103, 105 
Mullein (Verbascum), 83 

Musca (House fly), 26 

Muscular tissues, 53 

Mushroom (Psalliota), 61 

Mussel (Mytilus), 28, 87, 90, 101 
Mycelium, 60, 61 


Nasturtium, 68 

Nasty, 85 

Nectary, 69 

Nectria (Strawberry fungus), 61 
Nematoda, 8, 17, 19 
Nephridia, 19, 103 

Neural arch, 41 

Neuron, 52, 53 

Node, 66, 80 


Notochord, 31 

Nucleus, 9, 10, 51, 52 
Nut, 73 

Nutation, 91 

Nymphaea (Water lily), 83 


Oak, 68, 72, 73, 78 

Oblique —_ 43 

Ocsopha: 1 

Oniscus (Garden slater), 21, 85-87, 89, 90 
Oogonium, 58 

Operculum, 32, 37 

Orange, 74 


Organs, 53 
Oryctolagus (Rabbit), 41 
Osmometer, 94 


Osmosis, 94, 95 
Oty ETBE S 2, 36, 50, 55, 69, 


Ovule, 69, 71, 73 
Oxalis, 86, 90 


Pappus, 70 

Paramecium, 10, 86, 89-91, 105 

Parasite, 15-17, 59, 61-63, 82 

Parasitic nutrition, 99 ? 

Parenchyma, 66 

Pea, eh 74, 84, 87, 90, 91, 99, 101, 102, 


104, 1 
Pectoral girdle, 33, 39 
Pedicel, 69-71 
Pedicellariae, 30 
Peduncle, 71 
Pelargonium (Geranium), 79, 88 
Pelvic girdle, 33 


„Pericardium, 36, 49 


Pericarp, 73, 77 

Pericycle, 66 

Perigyny, 71 

Perineurium, 51 

Peripheral nervous system, 43 
Periplaneta (Cockroach), 22, 103 


~ Peristomium, 19 


Peroxidase, 102 

Petal, 69, 70 

Petiole, 65, 66, 68 

Phaeophyta (Brown algae), 56, 58 
Pharynx, 31 

Phloem, 65, 66 

Photonasty, 86 

Photosynthesis, 62, 94, 96, 97, 101 
Phototaxis, 85 J 

Phototropism, 86 a 
Phoxinus (Minnow), 32, 85, 86, 91, 101 
Phycomycota, 56, 60 

Phylum, 4, 56 

Pieris (Cabbage white), 24, 87, 103 
Pigeon E 38 

Pileus, 61 i 
Pin mould (Mucor), 60, 86, 88, 89, 103, 105 
Pine (Pinus), 64, 83, 89, 103 
Pineapple, 76 

Pinguicula (Butterwort), 83 


Pinna, 63 

Pisces (Fish), 32 

Pith, 66, 67 

Placenta, 50, 63 

Planaria (Flatworm), 15, 85-88, 91, 103, 104 
Plankton, 14, 30, 32 

Plantain, 72 

Plasma, 31 

Platyhelminthes, 8, 15 

Pleurococcus, 57, 1 

Plum, 74 - “ ‘ 
Plumule, 76, 77 A 
Pollen, 64, 67, 72 

Pollen tube, 73 

Pollination, 72 

Pome, 75 » , 
Pond snail (Limnaea), 16, 29, 91, 101, 106 
Poppy, 74 

Potometer, 96 

Premolar teeth, 46 

Primrose, 72 


Protease, 93 

Proteins, 93, 94 
Prothallus, 63, 106 ~ 
Protogyny, 72 

Protozoa, 8-11 

Psalliota (Mushroom), 61 
Pseud! ium, 
Pterophyta, 56, 63 
Pyrenoids, 57 

Pythium, 99 


Queen, 25 

Quill, 39 

Rabbit (Oryctolagus), 41 
Raceme, 71 


Radicle, 76, 77 


Radula, 29 

Rana (Frog), 33, 87, 101, 103, 106 
Ranunculus (Buttercup), 65, 69, 71, 73 
Rat (Rattus), 40, 91, T 107 
Receptacle, 69-71, B, 

Rectum, 31 

Rectus muscle, 43 

Redia, 16 


Rheotaxis, 88 
Rhizoids, 62, 63 
Rhizome, 63, 80 
Ricinus (Castor oil), 76 
Root, 65, 81, 94, 99 
Root “hair, 65 65 


Rose, 71 
Rubus (Blackberry), 84 
Runner, 79, 105 


Saccharomyces (Yeast), 61 
Salicornia (Glasswort), 84 
Samara, 73 

Saprolegnia, 61, 91, 99, 105 
Saprophytic nutrition, ‘60, 99 


Scales, 32 

Schizomycota (Bacteria), 59 

Scion, 79 

Sclerotic, 44, 54 

Seaweeds, 56, 58, 103, 106 

Secondary thickening, 67 

Sections, longitudinal, 6 

—, transverse, 6 

Seeds, 64, 75, 76 

Sensitive = (Mimosa), 87, 89, 90 

Seta, 18 

Shepherd (Capsella), 74, 107 
pherd’s purse (Capsella), 74, 1 

Sieve tubes, 65-67 


Spermatheca, 19 
Spinal cord, 33, 43, 53 
ane 22, 24, 
RA Sine 2, 96, 105 
pirogyra, 57, 96, 
rangiophore, 60, 86 
Sporangium, 60, 61, 63 
Sporophyte, 56, 62, 63 
Stamen, 69, Nee 


Starch, 92-94, 


Starfish farial A 30, 87, 90, 91, 104, 105 


Stem, 65, 66, 


Stomata, & iat & 83, 91, 96 
Stonecrop ny 83 
Strawberry, 75, 

Strawberry Pi (Nectria), 61 
Style, 73 
Passi m 105 


Sunder’ a 82, 89 
Sunflower (Helianthus), 77, 99 


Swimmeret, 20 

Sycamore, 68, 73, 78, 104 
Symbiotic nutrition, 1B, 82, 99 
Syrinx, 39 


Tadpole, 33, 37, 86, ay 103, 104 
Tapeworm (Taenia), 1 

Taraxacum Eion), 70, 72, 73 
Taxis, 85 

Teeth, 46 

Tendril, 84 

Tentacle, 12, 29, 82 

Testa, 73, 76, 77 

Testes, 13, 17, 19, 21, 23, 36, 50, 55 
Thallus, 56, 58 

Thermonasty, 87 

Thigmonasty, EN 
Thigmotropism, 90 

Ee te urea, 108 

Thrift (Armeria), 84 

Trachea, 22, 24, 26, 27, 49 
Tracheide, 64 

Tradescantia, 91 

Transpiration, 95 

Trichocyst, 10 

Tricuspid valve, 49 

Tripoblastic, § 

Tropism, 85 

Trout, 106 

Tube feet, 30 

Tuber, 80 

Tulip, 81, 87 

Turnip, 81 


Ulex (Gorse), 83 
Umbel, 7 


mbel, 71 
Umbilical cord, 50 
Unstriped muscle, 53 
Ureter, 31, 39 
Urostyle, 33 
Uterus, 17, 50 


Vagina, 17, 50 
V; 39 


ane, 
Vascular bundle, 66, 68, 83 
Vegetative reproduction, 79 
Veins, 31, 36, 47, 49, 68 
Vellela (By the wind sailor), 14 
Ventricle, 36, 49 
Verbascum (Mullein), 83 
Vertebrae, 31, 41, 42 
Vertebral ‘column, 33, 41 
Vertebrates, 8, 31 
Vicia (Broad bean), 76, 88 
Villus, 54 
Viscum (Mistletoe), 82 
Vitamins, 93, 94 
Viviparous, 38 


Wallflower, 74 

Water flea (Daphnia), 21, 85, 87, 91 
Water lily (Nymp. 

Wild parsley, 71 

Willow, 72 


Woodlouse (see also Oniscus), 21, 85-87, 


89, 90 
Worker, 25 


Xanthoproteic test, 93 
Xerophyte, 83 
Xylem, 64-67 


Yeast (Saccharomyces), 61, 99, 102, 105 


Zea mais (Maize), 77, 86, 88 
Zoochlorella, 13 


Zygote, 13, 62, 63 
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